Antioxidant defence and autoxidative damage in neoplastic disease. by Thornley, Andrew Charles.
ANTIOXIDANT DEFENCE AND AUTOXIDATIVE
DAMAGE IN NEOPLASTIC DISEASE 
A THESIS
s u b m i t t e d  i n  f u l f i l m e n t  o f  t h e  r e q u i r e m e n t s  
f o r  t h e  Degree o f  D oc to r  o f  P h i l o s o p h y  i n  
t h e  F a c u l t y  o f  S c i e n c e ,  U n i v e r s i t y  o f  S u r r e y
by
ANDREW CHARLES THORNLEY BSc MSc (Southam pton)
J a n u a r y  1987
M a r i e  C u r i e  Memorial  F o u n d a t io n  
R e s e a rc h  I n s t i t u t e ,  The C h a r t ,  Oxted ,  S u r r e y .
and
Depar tm ent  o f  B i o c h e m i s t r y ,  
U n i v e r s i t y  o f  S u r r e y ,  G u i l d f o r d ,  S u r r e y .
ProQuest Number: 10804593
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10804593
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
and fresh knowledge, the possibility of a titanic breakthrough with 
the work he had been doing still was possible, still could come at 
any time. Within the parameters of organic chemistry an answer 
existed -  an answer to his questions posed through countless 
experiments over ten long years of grinding research;
The quenching of free radicals.
Along with the answer Vincent Lord sought would come enor­
mous therapeutic benefits, plus unlimited commercial possibilities 
which Sam Hawthorne and others in the company, in their scien­
tific ignorance, had so far failed to grasp.
What would the quenching of free radicals achieve?
The answer: something essentially simple but magnificent.
Like all scientists in his field, Vincent Lord knew that many 
drugs, when in action in the human body and as part of their 
metabolism, generated Tree radicals’. These were elements harm­
ful to healthy tissue, and the cause of adverse side effects and 
sometimes death.
Elimination, or ‘quenching’, of free radicals would mean that 
beneficial drugs, other drugs, which previously could not be used on 
humans because of dangerous side effects, could be taken by 
anyone with impunity. And restricted drugs, hitherto used only at 
great risk, could be absorbed as casually as aspirin.
No longer need physicians, when prescribing for their patients, 
worry about toxicity of drugs. No longer need cancer patients 
suffer agonies from the near-deadly drugs which sometimes kept 
them alive, but equally often tortured then killed them from some 
other cause than cancer. The beneficial effects of those and all 
other drugs would remain, but the killing effects would be nul­
lified by the quenching of free radicals.
What Vincent Lord hoped to produce was a drug to add to other 
drugs, to make them totally safe.
And it was all possible. The answer existed. It was there. 
Hidden, elusive, but waiting to be found.
And Vincent Lord, after ten years’ searching, believed he was 
close to that elusive answer. He could smell it, sense it, almost 
taste the nectar of sucbess.
But how much longer? Oh, how much longer would he have to 
wait?
R e p r i n t e d  from " S t ro n g  M e d ic ine"  by A r t h u r  H a i l e y  (Pan Books,  
London and Sydney,  1984) .
ABSTRACT
The p r i n c i p a l  f a c t o r s  g o v e r n i n g  a n t i o x i d a n t  d e f e n c e  and l i p i d  
p e r o x i d a t i o n  i n  v i t r o  have  been  d e t e r m i n e d  f o r  n e o p l a s t i c  and normal  
t i s s u e s ,  f rom m ice ,  b e a r i n g  Lewis lung c a rc in o m a s .  These  p a r a m e t e r s  were 
measured  a t  v a r y i n g  i n t e r v a l s  a f t e r  t h e  i n t r a m u s c u l a r  t r a n s p l a n t a t i o n  o f  
Lewis lung  ca rc inom a  c e l l s  i n  C57BL6 mice .
The a c t i v i t i e s  o f  g l u t a t h i o n e  p e r o x i d a s e  (EC 1 . 1 1 . 1 . 9 ) ,  s u p e r o x i d e  
d i s m u t a s e  (EC. 1 . 1 5 . 1 . 1 ) ,  gamma g l u t a m y l c y s t e i n e  s y n t h e t a s e  (EC 6 . 3 . 2 . 2 ) ,  
and c a t a l a s e  (EC. 1 . 1 1 . 1 . 6 )  were s i m i l a r  in  tumour t i s s u e  to  t h o s e  of  
l u n g ,  t h e  t i s s u e  o f  o r i g i n .  G l u t a t h i o n e  r e d u c t a s e  (EC. 1 . 6 . 4 . 2 )  and 
g l u t a t h i o n e - S - t r a n s f e r a s e  (EC. 2 . 5 . 1 . 1 8 )  a c t i v i t i e s  were c o n s i d e r a b l y  
g r e a t e r  t h a n  t h o s e  o f  lung .  G a m m a - g lu t a m y l t r a n s p e p t id a s e  (EC 2 . 3 . 2 . 2 )  
a c t i v i t y  was a bou t  25% o f  the  c o r r e s p o n d i n g  v a lu e  in  m urine  l u n g .
Lewis lung carcinoma tissue contained considerable quantities of 
lipid peroxide (as determined by the thiobarbituric acid test). The in 
vitro lipid peroxidation of tumour microsomes was less than that of 
pulmonary tissue.
T i s s u e  from th e  tumour " c o r e "  had s i g n i f i c a n t l y  g r e a t e r  r e d u c e d  
g l u t a t h i o n e  c o n c e n t r a t i o n ,  lower  m i t o c h o n d r i a l  s u p e r o x i d e  d i s m u t a s e ,  
g l u t a t h i o n e  p e r o x i d a s e  and g a m m a - g l u t a m y l t r a n s p e p t i d a s e  a c t i v i t i e s ,  and 
lower l i p o p e r o x i d e  c o n c e n t r a t i o n  than  the  p e r i p h e r y .  G l u t a t h i o n e  
p e r o x i d a s e ,  gamma g l u t a m y l c y s t e i n e  s y n t h e t a s e  and s u p e r o x i d e  d i s m u t a s e  
a c t i v i t i e s  from Lewis lung ca rc inom a  c e l l s  in  m onolayer  c u l t u r e  (18% 0 
c o n c e n t r a t i o n )  were g r e a t e r  t han  t h o s e  o f  s o l i d  tumour.
H i s t o l o g i c a l  s e c t i o n s  o f  lung  and l i v e r  f rom Lewis lung  c a r c in o m a -
b e a r i n g  mice were found to  have many p a t h o l o g i c a l  c h a n g e s .  The l i v e r s  o f
t u m o u r - b e a r i n g  mice had r a i s e d  g l u t a t h i o n e  and DNA c o n c e n t r a t i o n s ,  and 
i n c r e a s e d  g l u t a t h i o n e  r e d u c t a s e ,  g l u t a t h i o n e - S - t r a n s f e r a s e  and gamma- 
g l u t a m y l t r a n s p e p t i d a s e  a c t i v i t i e s ;  h e p a t i c  c a t a l a s e  and m i t o c h o n d r i a l  
g l u t a t h i o n e  p e r o x i d a s e  a c t i v i t i e s  were d e c r e a s e d .  H e p a t i c  mic rosomes  from 
c a r c i n o m a - b e a r i n g  mice had i n c r e a s e d  t h i o b a r b i t u r i c  a c i d - r e a c t i v i t y  and 
were more s u s c e p t i b l e  to  i r o n / a s c o r b a t e  l i p i d  p e r o x i d a t i o n .  S t o r a g e ,  as a 
s u s p e n s i o n  i n  a g l y c e r o l - c o n t a i n i n g  p h o s p h a te  b u f f e r  a t  -80  C, 
c o n f e r r e d  r e s i s t a n c e  to  i n  v i t r o  l i p i d  p e r o x i d a t i o n  to  l i v e r  microsomes  
from h e a l t h y  a n i m a l s ,  b u t  no t  to  t h o s e  from tu m o u r - b e a r i n g  m ice .
D i s t u r b a n c e s  i n  Lewis  lung c a r c i n o m a - b e a r i n g  mice cou ld  g e n e r a l l y
o n l y  be d e t e r m i n e d  a t  9 o r  more days a f t e r  tumour c e l l  i m p l a n t a t i o n ,  when
t h e  tumour was j u s t  p a l p a b l e .  The l i v e r s  o f  g e n e t i c a l l y  obese  C57BL6 mice 
had some s i m i l a r  b i o c h e m i c a l  c h a r a c t e r i s t i c s  to  t h o s e  o f  t u m o u r - b e a r i n g  
h o s t s .  Kidney and e r y t h r o c y t e s  o f  Lewis lung c a r c i n o m a - b e a r i n g  m ice ,  and 
t i s s u e s  o f  m ice ,  b e a r i n g  B16 melanomas,  a l s o  d i s p l a y e d  p e r t u r b a t i o n s  of  
a n t i o x i d a n t  d e fe n c e  and l i p i d  p e r o x i d a t i o n .
The significance of the above observations is discussed. Further 
experiments are suggested to improve the understanding of the role of 
autoxidation and antioxidant defence in neoplastic disease.
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CHAPTER ONE
INTRODUCTION
CHAPTER ONE INTRODUCTION 
Cancer and Degenerative Diseases - Twentieth Century Epidemics
Degenerative diseases are maladies in which there is progressive 
chemical deterioration of tissues to functionally less active forms. 
Although all are potentially degenerative, the term "degenerative 
disease" is commonly applied to diseases that do not generally have an 
aetiology of microbial infection. Cancer, or malignant neoplastic 
disease, can be defined as a degenerative disorder in which abberant 
internal changes of cells cause them to divide and grow hyperplastically 
and anarchically in the "autonomy" of the organism from which they orig­
inated (Harris, 1976;  Prehn, 1977) .  This uncoordinated cell division 
usually produces a mass of tissue or tumour, although in leukaemias, that 
is cancerous myeloid or lymphoid cells, the neoplastic cells are 
dispersed throughout the bone marrow or lymphoid tissues, and into the
blood (Halliwell and Gutteridge, 1985) .  Benign tumours are contained at 
the site of origin, often by a fibrous outer capsule; malignant tumours 
are able to invade local tissues and circulate in the vasculature to form 
secondary tumours (metastatic foci) at new sites. Human cancer is a group 
of at least 100 different diseases (Carter, 1979) .
B e fo re  t h e  t u r n  o f  t h e  c e n t u r y ,  i n f e c t i o u s  d i s e a s e s  were t h e  m a jo r  
c a u se  o f  d e a t h  even in  d e ve lope d  c o u n t r i e s .  The d i s c o v e r i e s  o f  v a c c i n e s  
and a n t i b i o t i c s ,  and m ajo r  advances  i n  s t a n d a r d s  o f  p u b l i c  h e a l t h  and 
h y g i e n e  have  d e c r e a s e d  the  m o r t a l i t i e s  due to  i n f e c t i o n  to  a p p r o x i m a t e l y  
5% o f  a l l  d e a t h s .  The consequence  o f  t h e  d i m i n i s h e d  i n c i d e n c e  o f  d e a t h  
from m i c r o b i a l  i n f e c t i o n s  has  been  a d r a m a t i c  r i s e  i n  human l i f e s p a n  
( C u t l e r ,  1984 ) .  I n  t h e  U n i t e d  S t a t e s ,  f o r  example,  l i f e  e x p e c t a n c y  has  
r i s e n  from an a v e ra g e  o f  47 .2  y e a r s  in  1900 t o  73 .3  y e a r s  by 1980
(Harman, 1981; f ig*  1 . 1 a ) .  The i n c i d e n c e  o f  d e a t h  due to
c a r d i o v a s c u l a r / r e n a l  d i s e a s e s ,  d i a b e t e s  m e l l i t u s ,  and c a n c e r ,  t h e  t h r e e
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FIG. l .X  -  a )  I n c i d e n c e  o f  C ancer  p e r  c a p i t a  i n  t h e  U n i t e d  
S t a t e s ,  1900-1980.  
b )  I n c i d e n c e  o f  C ancer  ( p e r  100 000 p e r s o n s )  A g a i n s t  
Age i n  Years  i n  t h e  U n i t e d  S t a t e s  d u r i n g  1979.
( f rom  P r e s c o t t  and F l e x e r ,  1982)
m a jo r  forms o f  d e g e n e r a t i v e  d i s e a s e ,  have  however  i n c r e a s e d  t h i s  c e n t u r y  
by 29,  38 and 179 % r e s p e c t i v e l y  ( P r e s c o t t  and F l e x e r ,  1982) .  Cancer  and 
c a r d i o v a s c u l a r  d i s e a s e ,  t o g e t h e r  a c c o u n t  f o r  a lm o s t  70% o f  t h e  p r e s e n t  
m o r t a l i t i e s  in  t h e  W este rn  World ( P r e s c o t t  and F l e x e r ,  1982) .
The e s t i m a t e  o f  d e a t h s  c aused  by c a n c e r  in  t h e  U n i t e d  S t a t e s  i n  t h e  
y e a r  1850 i s  on ly  1 p e r  190 m o r t a l i t i e s  ( S i l v e r b e r g ,  1985) .  D e s p i t e  
s i g n i f i c a n t  advances  i n  c a n c e r  t h e r a p y ,  n e o p l a s t i c  d i s e a s e s  p r e s e n t l y  
k i l l  one f i f t h  o f  the  c i t i z e n s  o f  t h e  W este rn  World,  and one q u a r t e r  w i l l  
succumb to  t h e  d i s e a s e  a t  some t ime d u r i n g  t h e i r  l i v e s  (American  C ancer  
S o c i e t y ,  1982;  P r e s c o t t  and F l e x e r ,  1982; see  f i g .  1 . 1 a ) .  I n  t h e  p e r i o d  
1968-1977 th e  a g e - a d j u s t e d  m o r t a l i t y  r a t e  f o r  c a n c e r  i n  the  U n i t e d  S t a t e s  
i n c r e a s e d  by a p p r o x i m a t e l y  2%, s u g g e s t i n g  t h a t  the  i n c i d e n c e  o f  d e a t h  i n  
t h e  dev e lo p e d  n a t i o n s  due to  m a l i g n a n t  n e o p l a s t i c  d i s e a s e s  i s  s t i l l  
r i s i n g  ( P r e s c o t t  and F l e x e r ,  1982) .  The s c i e n t i f i c  and m e d i c a l  u n d e r ­
s t a n d i n g  o f  c a n c e r  r em ains  r e l a t i v e l y  i n a d e q u a t e  and i t  t h u s  has  a p o o r ,  
though im prov ing ,  p r o g n o s i s  -  an o b s e rv e d  5 y e a r  s u r v i v a l  r a t e  o f  38% 
(American Cancer  s o c i e t y ,  1982) .  W es te rn  s o c i e t y  i s  v i c t i m  o f  an e p ide m ic  
o f  c a n c e r  and o t h e r  d e g e n e r a t i v e  d i s e a s e s .  Whereas in  p r e v i o u s  c e n t u r i e s ,  
c o n ta g e o u s  d i s e a s e s  such as t y p h o id  and bubon ic  p l a g u e  were g r e a t l y  
f e a r e d ,  t o d a y ,  t h e s e  d r e a d s  have  been  e x t e n s i v e l y  t r a n s f e r e d  to  c a n c e r  
and o t h e r  d i s o r d e r s  a s s o c i a t e d  w i t h  o ld  age ( C u r r i e  and C u r r i e ,  1982) .  
A rguab ly  on ly  a c q u i r e d  immune d e f i c i e n c y  syndrome (AIDS) can a r o u s e  more
p u b l i c  i n t e r e s t  than  c a n c e r ,  b u t  even t h i s  d i s e a s e  i s  f r e q u e n t l y
e x p r e s s e d  by an o t h e r w i s e  r a r e  neop la sm , K a r p o s i ' s  sa rcom a.
I n  man the i n c i d e n c e  o f  c a n c e r  i n c r e a s e s  to  a p p r o x i m a t e l y  t h e  f o u r t h  
power w i th  age ( P e to  e t  a l , 1975;  Dix e t  a l , 1980;  Ames, 1 9 83 ) .  Major
d e g e n e r a t i v e  d i s e a s e s ,  such as  h y p e r t e n s i o n ,  a t h e r o s c l e r o s i s ,  d i a b e t e s ,
a r t h r i t i s ,  immune d i s o r d e r s  and s e n i l e  d e m e n t i a ,  a r e  a l l  a s s o c i a t e d  w i t h  
o l d  age (Harman, 1982) .  This  phenomenon p r e s i d e s  i n  p a r t  b e c a u s e  e x p o s u r e
to  t h e  f a c t o r s  m e d i a t i n g  t h e s e  d i s e a s e s  i s  g r e a t e r  w i t h  a d v a n c i n g  age
( P e to  e t  a l , 1975; Symington,  1980) .  D e g e n e r a t i v e  d i s e a s e s  such as
a t h e r o s c l e r o s i s  and c a n c e r  have  l a t e n t  p e r i o d s  b e f o r e  t h e i r  o n s e t :  the
f a t t y  s t r e a k s ,  p o s t u l a t e d  to  be t h e  p r o g e n i t o r s  o f  a the rom a  i n  m id d le -  
aged and e l d e r l y  a d u l t s ,  a r e  commonly found in  t h e  a r t e r i a l  i n t i m a  o f  
c h i l d r e n  (Boyd, 1970) ;  t h e  t im e  e l a p s i n g  be tw een  e x p o s u re  to  e n v i r o n ­
m e n t a l  c a r c i n o g e n  and th e  a p p e a r a n c e  o f  t h e  r e s u l t i n g  c a n c e r  can range  
from 5 to  50 y e a r s  (Muir ,  1983) .  Age c o u ld  a l s o  be an i m p o r t a n t  f a c t o r  i n  
the  g e n e s i s  o f  d e g e n e r a t i v e  d i s e a s e s  due to  a g e - r e l a t e d  changes  i n  endo­
c r i n e  f u n c t i o n  (Di lman ,  1971) .  O ld e r  a n im a l s  may be  more s u s c e p t i b l e  to  
th e  f a c t o r s  t h a t  c a u se  d e g e n e r a t i v e  d i s e a s e  b e c a u s e  t h e i r  imm uno lo g ica l  
s u r v e i l l a n c e ,  enzymic d e f e n c e  and DNA-repa i r  mechanisms a r e  l e s s
e f f i c i e n t  t h a n  those  o f  young a n im a l s  ( A l b r i g h t  and A l b r i g h t ,  1978;  Kent ,  
1977;  P i t o t ,  1977; B e n n e t t ,  1979;  Hocman, 1981) .
I t  h a s  been p roposed  t h a t " a g i n g  and a g e - r e l a t e d  d i s o r d e r s  a r e  a t  
l e a s t  p a r t i a l l y  due to  p e r t u r b a t i v e  a c t i o n s  o f  f r e e  r a d i c a l  r e a c t i o n s  
(Harman,  1956) .  M o le c u l a r  oxygen (C^) ,  can  be e x t r e m e l y  t o x i c :  c l i n i c a l l y  
t h i s  t o x i c i t y  has  been  o b s e rv e d  th rough  t h e  p a t h o l o g i c a l  changes  i n  the  
lu ngs  o f  p a t i e n t s  v e n t i l a t e d  w i t h  0^ f o r  s e v e r a l  days  ( B a l e n t i n e ,  1982) .  
Oxygen t o x i c i t y  i s  p r o b a b l y  m e d i a te d  by f r e e  r a d i c a l  r e a c t i o n s  ( P r y o r ,  
1976;  F r i d o v i c h ,  1983; F rank  and M assa ro ,  1980 ) .  The " f r e e  r a d i c a l  t h e o r y  
o f  a g in g "  p o s t u l a t e s  t h a t  o rg an i s m s  have  e v o lv e d  d e f e n c e  mechanisms to  
l i m i t  the  d e l e t e r i o u s  a c t i o n s  o f  f r e e  r a d i c a l s  to  l e v e l s  c o m p a t i b l e  w i t h  
normal  f u n c t i o n  (Harman, 1982) ;  a s  an o r g a n i s m  becomes o l d e r ,  t h e  a b i l i t y  
o f  i t s  t i s s u e s  to d e t o x i c a t e  o x y g e n - d e r i v e d  f r e e  r a d i c a l s  and t h e i r  
r e a c t i o n  p r o d u c t s  d e c r e a s e s ,  and t h e  r e s u l t a n t  a c c u m u l a t i o n  o f  c e l l u l a r  
o x i d a t i v e  damage p rovokes  d y s f u n c t i o n  o r  d e a t h  (Harman,  1981) .  
F l u o r e s c e n t  age p igm en ts  ( l i p o f u s c i n s ; s e e  l a t e r ) ,  which amass i n  p o s t  
m i t o t i c  c e l l s  o f  an o rgan i sm  as a f u n c t i o n  o f  a g e ,  a r e  p r o p o s e d  to  be 
formed by t h e  o x i d a t i v e  p o l y m e r i z a t i o n  o f  l i p i d s  and p r o t e i n s  due to  t h e
f o r m a t i o n  o f  S c h i f f  b a s e s  be tw een  amide g roups  and t h e  breakdown 
p r o d u c t s  o f  r a d i c a l  c h a i n  r e a c t i o n s  (Donato,  1981; Harman, 1 9 81 ) .  T i s s u e s  
from aged an im a ls  a r e  more s u s c e p t i b l e  to  o x i d a t i v e  damage i n  v i t r o  
( S t e g e  £ t  a l ,  1 9 8 2 ) .  The i n v e r s e  r e l a t i o n s h i p  be tw een  b a s a l  m e t a b o l i c  
r a t e  and l o n g e v i t y  i n  a e r o b e s ,  and th e  o b s e r v a t i o n  t h a t  d i e t a r y  
a n t i o x i d a n t s  ( s u b s t a n c e s  t h a t  quench o x y g e n - d e r iv e d  r a d i c a l s )  can 
sometimes p r o lo n g  l i f e s p a n  i n d i c a t e  t h a t  oxygen and i t s  m e t a b o l i t e s  a r e  
in v o lv e d  i n  t h e  a g i n g  p r o c e s s  ( P r y o r ,  1977; Hocman, 1981;  Harman,  1982; 
S o h a l , 1984) .
As o x i d a t i v e  c e l l u l a r  i n j u r y  and the  a g in g  p r o c e s s  a r e  a s s o c i a t e d ,  
o x y g e n - d e r iv e d  r a d i c a l s  may a l s o  have  an i m p o r t a n t  r o l e  i n  t h e  a e t i o l o g y  
o f  a t  l e a s t  some d e g e n e r a t i v e  d i s o r d e r s .  A c t i v a t e d  oxygen i n t e r m e d i a t e s  
have been  s u g g e s t e d  to  be t h e  p r im a ry  c a u s a t i v e  f a c t o r s  o f  numerous 
p a t h o l o g i c a l  c o n d i t i o n s  (McCay, 1981; A u to r ,  1982; P e t k a u ,  1982a & b ) .
A t h e r o s c l e r o s i s  ( P a rk e  and I o a n n i d e s ,  1981b) ,  Down's syndrome ( E l r o y -  
S t e i n  e t  a l , 1986) ,  c e r e b r a l  i s c h a e m i a  and s p i n a l  c o rd  i n j u r y  (Demopoulos 
e t  a l , 1 9 8 2 ) ,  c a n c e r  ( T o t t e r ,  1980) ,  h a e m o l y t i c  anaemia  (Hebbel e t  a l , 
1982) ,  i s c h a e m ic  h e a r t  d i s e a s e  (Hess e t  a l ,  1 9 82 ) ,  p a n c r e a t i c
d i s e a s e  (Braganza  e_t al_, 1983) ,  emphysema and o t h e r  forms o f
pulmonary i n j u r y  (Dooley  and P r y o r ,  1982; T a n s w e l l ,  1 9 8 3 ) ,  r h eu m a to id
a r t h r i t i s  ( B l a k e  e t  a l ,  1981) ,  P a r k i n s o n ' s  d i s e a s e
(Cohen,  1982) ,  immune d i s o r d e r s  and s e n i l e  d e m e n t ia  (Harman,  1982)  a r e  
among t h e  many d i s e a s e s  and i n j u r y  s t a t e s  i n  which a c t i v e  oxygen s p e c i e s  
have been  i m p l i c a t e d .  The o u t b r e a k  o f  p o i s o n i n g  i n  S p a in  i n  t h e  e a r l y  
1 9 8 0 ' s ,  due to  t h e  i l l i c i t  t r a d e  i n  cook in g  o i l ,  p r o d u c e d  by t h e  
d i s t i l l a t i o n  o f  a n i l i n e - c o n t a i n i n g  i n d u s t r i a l  r a p e - s e e d  o i l ,  c a u s e d  a t  
l e a s t  350 d e a t h s  and a f f e c t e d  ove r  20 ,000  o t h e r s  ( H a l l i w e l l  and 
G u t t e r i d g e ,  1985) .  The symptoms o f  t h e  " S p a n i s h  c o o k i n g - o i l  syndrome" 
were v e r y  s i m i l a r  t o  t h o s e  o f  f r e e  r a d i c a l  i n d u c e d  t o x i c i t y ,  and i t  ha s  
t hus  been  p roposed  t h a t  a n i l i n e - d e r i v e d  t o x i n s ,  such  as  o l e a n a l d e h y d e ,  m
the  a d u l t e r a t e d  o i l  e x e r t e d  t h e i r  e f f e c t s  by a f r e e  r a d i c a l  mechanism 
( P e s t a n a  and Munoz, 1982) .
O x i d a t i v e  C e l l u l a r  I n j u r y
F r e e  r a d i c a l s :  A f r e e  r a d i c a l  i s  an atom o r  m o le c u le  t h a t  p o s s e s s e s  one
o r  more odd ( u n p a i r e d )  e l e c t r o n s  (Freeman and Crapo ,  1982;  P r y o r ,  1984) .  
F r e e  r a d i c a l s  a r e  formed by the  h o m o ly t i c  ( s y m m e t r i c a l )  c l e a v a g e  o f  
m o l e c u l a r  b o nds ,  by the  a b s t r a c t i o n  o f  p r o t o n s ,  o r  by o n e - e l e c t r o n
t r a n s f e r s .  F r e e  r a d i c a l s  a r e  e n e r g y - r i c h  s p e c i e s  and a r e  t hus  a lm os t  
a lways e x t r e m e l y  r e a c t i v e  b e c a u s e  o f  t h e  t e n d e n c y  to  become s t a b i l i z e d  by 
fo rm ing  new bonds .  The t h r e e  m ajo r  t y p e s  o f  r e a c t i o n  a r e  e l e c t r o n  
t r a n s f e r ,  r a d i c a l  a d d i t i o n ,  and a b s t r a c t i o n  o f  u n i v a l e n t  a toms such as  
h y d r o g e n  atoms o r  h a l i d e s  (Freeman and Crapo ,  1982) .
C h e m is t r y  and b i o l o g y  o f  oxygen:  Oxygen i s  an u n u s u a l  gas  b e c a u s e  i t
d i s p l a y s  a pa ra m agne t i sm  due to  h a v in g  two u n p a i r e d  e l e c t r o n s  r e s i d i n g  in
the  o u t e r m o s t  m o l e c u l a r  o r b i t a l s  ( F r i d o v i c h ,  1977;  Malmstrora,  1982) .
These 7Tp o r b i t a l s  a r e  o f  e q u a l  e n e r g y ,  t h a t  i s  d e g e n e r a t e  ( P a i n e ,
1978; Malmstrora, 1982) .  0  ^ i n  i t s  t r i p l e t  ground  s t a t e  i s  r e l a t i v e l y
i n e r t  k i n e t i c a l l y  b e c a u s e  by a c c e p t i n g  a f u r t h e r  e l e c t r o n  p a i r  to  f i l l
. . . *i t s  o u t e r  m o l e c u l a r  o r b i t a l s ,  one o f  i t s  7Tp e l e c t r o n  s p i n s  must  be 
i n v e r t e d .  The s p i n  r e s t r i c t i o n  o f  O2 can  be overcome when s u f f i c i e n t l y  
e l e c t r o n i c a l l y  e x c i t e d ,  however ,  and two p o s s i b l e  n o n - p a r a m a g n e t i c  s t a t e s  
o f  m o l e c u l a r  oxygen a r e  formed;  t h e s e  e x c i t e d  s p e c i e s  a r e  t ermed  s i n g l e t  
oxygen (C^1 ) .
D u r in g  a e r o b i c  r e s p i r a t i o n ,  0 i s  r e d u c e d  b i v a l a n t l y  t o  by
t r a n s i t i o n  m e t a l  i o n s ,  which a r e  a l s o  p a r a m a g n e t i c ,  d o n a t i n g  u n p a i r e d  
e l e c t r o n s  to  m o l e c u l a r  oxygen ( F r i d o v i c h ,  1977;  Malmstrora , 1982 ) .  The 
o t h e r  means to  c i r c u m v e n t  t h e  s p i n  r e s t r i c t i o n  o f  0  ^ i s  u n i v a l e n t  
r e d u c t i o n ;  t h a t  i s  e l e c t r o n s  a r e  a c c e p t e d  one a t  a t im e .  The a d d i t i o n  o f  
one e l e c t r o n  to  O2 p roduce s  t h e  s u p e r o x i d e  r a d i c a l  ( s u p e r o x y  a n i o n ;
*02 ) ;  f u r t h e r  r e d u c t i o n  p ro d u ce s  ^ 2^ 2 ’ am* t *ie P ^ n l t i -1113116 r e d u c t i o n  
s t e p  r e s u l t s  i n  t h e  f o r m a t i o n  o f  t h e  h y d r o x y l  r a d i c a l  ( * 0 H ) : -
0 2 + e
•0 "  + e"  + 2H+  -------► H20 2
H2 °2  + e"  + H+ -----------► H20 + OH*
* OH + e~ + H+ -----------► H20
There  a r e  t h r e e  main c l a s s i f i c a t i o n s  o f  enzyme t h a t  can  use  O2 as  
s u b s t r a t e .  The r e d u c t i o n  o f  0  ^ to  *0^ > ^2^2  ° r  ^2^ c a t a l y sec* by a
g roup  o f  enzymes, termed o x i d a s e s .  D ioxygenases  c a t a l y s e  t h e  bonding  o f  
O2 t o  an o r g a n i c  m o le c u le .  The t h i r d  c a t e g o r y ,  the  m i x e d - f u n c t i o n  
o x i d a s e s  ( m o n o-oxyge nase s ) ,  a r e  a r g u a b l y  a c r o s s  be tw een  t h e  two former  
c l a s s i f i c a t i o n s ,  as t h e y  c a t a l y s e  the  bond ing  o f  one atom o f  to
o r g a n i c  s u b s t r a t e  and the  r e d u c t i o n  o f  t h e  o t h e r  to  ^ 0 .  Monoxygenases  
and d i o x y g e n a s e s  a r e  c o l l e c t i v e l y  r e f e r r e d  to as  oxygenases  (Malmstrom, 
1982) .  A l l  enzymes,  u s i n g  as  s u b s t r a t e ,  a r e  c o n j u g a t e d  p r o t e i n s ,  
c o n t a i n i n g  t r a n s i t i o n  m e t a l - c e n t r e d  p r o s t h e t i c  g r o u p s ,  such as  haems and 
f l a v i n s  (Malmstrom, 1982) .  R e a c t i v e  oxygen s p e c i e s  a r e  p roduced  as  s i d e -  
o r  m a i n - p r o d u c t s  o f  many o f  t h e s e  enzymes.
S o u rc es  o f  f r e e  r a d i c a l s  e n c o u n t e r e d  by b i o l o g i c a l  s y s t e m s :  F r e e
r a d i c a l s  a r e  i n t e r m e d i a t e s  and b y - p r o d u c t s  o f  many b i o l o g i c a l  p r o c e s s e s .  
O x y g e n - c e n t r e d  r a d i c a l s ,  t h e  p r i n c i p a l  r a d i c a l  s p e c i e s  p roduced  by 
b i o c h e m i c a l  r e a c t i o n s  i n  a e r o b i c  o r g a n i s m s ,  a r e  i n v o lv e d  i n  t h e  c a t a l y t i c  
mechanisms o f  enzymes such as x a n t h i n e  o x i d a s e ,  t y r o s i n a s e ,  and 
t r y p t o p h a n  2 ,3  d i o x y g e n a s e  ( P a i n e ,  1978;  Malmstrom, 1982 ) .  Pe rox isom es  
c o n t a i n  ^ ( ^ “ g e n e r a t i n g  enzymes,  such as  u r a t e  o x i d a s e  and g l y c o l l a t e
o x i d a s e ,  which a r e  i n v o l v e d  i n  f a t t y  a c i d  / 3 - o x i d a t i o n  ( S i e s ,  1977; Reddy 
e t  a l , 1982;  H a l l i w e l l  and G u t t e r i d g e ,  1985) .  Semiquinone  r a d i c a l s  a r e  
i n t e r m e d i a t e s  i n  t h e  m i t o c h o n d r i a l  e l e c t r o n  t r a n s p o r t  c h a i n  (Freeman and 
Crapo ,  1982) .  H y p o c h l o r i t e  r a d i c a l s  and a c t i v e  oxygen s p e c i e s  a r e  
p roduced  by a c t i v a t e d  p h a g o c y t i c  l e u k o c y t e s  (Del  M a es t ro  e t  a l , 1980; 
Weiss and LoB uglio ,  1982 ) .  M e la n i n s ,  t h e  p i g m e n t s ,  p r e s e n t  f o r  example i n  
s k i n ,  h a i r ,  t h e  eye and s u b s t a n t i a  n i g r a ,  c o n t a i n  r e l a t i v e l y  s t a b l e  f r e e  
r a d i c a l s  ( S e a l y  e t  a l , 1980; Lohman and Neubacker ,  1984) .
Up to  5% o f  oxygen consumed d u r in g  m i t o c h o n d r i a l  r e s p i r a t i o n  i s
p o s t u l a t e d  to  be c o n v e r t e d  to  *0^ by one e l e c t r o n  r e d u c t i o n  ( F r i d o v i c h ,
1978) .  The r e d u c t i o n  o f  O2 t o  H^O by cy tochrome c o x i d a s e ,  a t  the
t e r m i n a l  end o f  t h e  m i t o c h o n d r i a l  e l e c t r o n  t r a n s p o r t  c h a i n  i s  n o t ,
_  / 
however, the source of ’C^ • This enzyme is thought to bind all reactive
oxygen intermediates tightly, and so prevent their escape (Freeman and
Crapo,  1982; H a l l i w e l l  and G u t t e r i d g e ,  1985) ;  cy tochrome o x i d a s e  m igh t
even be a *0  ^ s c a v e n g e r  i n  i t s e l f  (Naqui  e t  a l , 1986 ) .  The l e a k a g e  o f
e l e c t r o n s  by o t h e r  components  o f  the  c h a i n ,  p a r t i c u l a r l y  u b i q u in o n e
(coenzyme Q) and NADH coenzyme Q r e d u c t a s e ,  c a u s e s  a u n i v a l e n t  r e d u c t i o n
of  0^ to  *0^ ( H a l l i w e l l  and G u t t e r i d g e ,  1985;  f i g .  1 . 2 ) .  The *0^ i s
c o n v e r t e d  to  a l e s s  h a r m f u l  oxygen i n t e r m e d i a t e ,  by an enzyme
c a l l e d  s u p e r o x i d e  d i s m u t a s e  ( D i o n i s i  e t  a l , 1975; B o v e r i s ,  1977;
F r i d o v i c h ,  1978) .
The so u rc e  o f  f r e e  r a d i c a l s  to  which an o rgan i sm  can  be exposed  can  
a l s o  be  e n v i r o n m e n t a l  o r  x e n o b i o t i c  ( P r y o r ,  1976) .  E l e c t r o m a g n e t i c  
r a d i a t i o n s  ( x - r a y s , y  - r a y s , UV r a d i a t i o n )  and p a r t i c u l a t e  r a d i a t i o n  
( e l e c t r o n s ,  p r o t o n s ,  n e u t r o n s ,  d e u t e r o n s ,  and /3- p a r t i c l e s )  a r e  a b l e  to  
t r a n s f e r  t h e i r  e n e rg y  to  b i o l o g i c a l  m o le c u le s  to  g e n e r a t e  r a d i c a l  s p e c i e s  
(Freeman and Crapo ,  1982) .  Some x e n o b i o t i c s ,  such as  NO and ’ NO^ o f  
c i g a r e t t e  smoke, a r e  a l r e a d y  f r e e  r a d i c a l s  ( P r y o r  e t  a l , 198 3 ) ;  o t h e r
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x e n o b i o t i c s ,  such as  ozone ,  a r e  so r e a c t i v e  t h e y  w i l l  i n t e r a c t  w i t h  c e l l  
components  to  form r a d i c a l  s p e c i e s .
The e ndop la sm ic  r e t i c u l u m  o f  l i v e r  and o t h e r  mammalian t i s s u e s  have  a 
mono-oxygenase  sys tem  which m e t a b o l i s e s ,  m a in ly  by h y d r o x y l a t i o n ,  a g r e a t  
v a r i e t y  o f  l i p o p h i l i c  x e n o b i o t i c s  and endogenous s u b s t r a t e s  to  p o l a r  
d e r i v a t i v e s .  The main component o f  t h i s  sys tem  i s  cy tochrome ^ 4 5 0 j a 
m i x e d - f u n c t i o n  oxygenase o f  m u l t i p l e  forms ,  which r e q u i r e s  NADPH and 0^ 
f o r  a c t i v i t y  (Pa rke  and I o a n n i d e s ,  1981b) .  The o v e r a l l  r e a c t i o n ,  
c a t a l y s e d  by cytochrome ^ 4 5 0 * wh i o h  AH i s  t h e  s u b s t r a t e  can  be
r e p r e s e n t e d  : -
AH + 0£ + RH2 ------------ —► AOH + R *  H20
NADPH-cytochrome P45Q r e d u c t a s e  p r o v i d e s  e l e c t r o n s  f o r  t h e  cy tochrome 
^450 s y s tem ky t r a n s f e r  f rom NADPH. Cytochrome P4 5 Q u s u a l l y  c o n v e r t s  i t s  
s u b s t r a t e s  to  l e s s  h a rm f u l  d e r i v a t i v e s ,  b u t ,  p a r a d o x i c a l l y ,  some xeno­
b i o t i c s ,  such as p a r a c e t a m o l  and b e n z o ( a ) p y r e n e  a r e  h y d r o x y l a t e d  to  the  
f r e e  r a d i c a l  i n t e r m e d i a t e s , r e s p o n s i b l e  f o r  t h e  t o x i c i t y  o f  t h e s e  
s u b s t a n c e s  (P a rke  and I o a n n i d e s ,  1981a ) .  Carbon t e t r a c h l o r i d e ,  as  a 
f u r t h e r  example ,  i s  c o n v e r t e d  to  the  t r i c h l o r o m e t h y l  r a d i c a l  ( ’ CCl^)  by 
cy tochrome P45Q ( P a rk e  and I o a n n i d e s , 1981b; T rush  e t  a l , 1982) .
Some s u b s t r a t e s  f o r  cy tochrome ^ 4 5 0 > ^o r  example p h e n o b a r b i t o n e ,  
have  be e n  shown to  induce  t h e  s y n t h e s i s  o f  some forms o f  t h i s  enzyme.  The 
e n d o p la s m ic  r e t i c u l u m  a l s o  c o n t a i n s  a r e l a t e d  enzyme,  cy tochrome ^ 4 4 3 > 
which can be in duced  by p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s ,  such  as  
3 - m e t h y l c h o l a n t h r e n e  (P a rke  and I o a n n i d e s ,  1 984a ) .  Cytochrome **443 > 
p a r t i c u l a r l y  in  a d u l t  l i v e r ,  i s  l e s s  abu n d a n t  t han  t h e  main P45Q 
c y tochrom es  and i s  t h o u g h t  to  be m a i n ly  c o n c e r n e d  w i t h  t h e  m e t a b o l i s m  o f  
endogenous s t e r o i d s  ( P a rk e  and I o a n n i d e s ,  1984b) .  Cytochrome P443  ^ as  a 
l e s s  r e s t r i c t e d  a c t i v e  s i t e  t h a n  t h e  cy tochrome P45Q and can  c a t a l y s e  t h e
o x y g e n a t i o n  o f  c h e m i c a l s  i n  "bay  r e g i o n "  p o s i t i o n s ,  t h a t  i s  a t  m o le c u le s  
t h a t  a r e  c o n f o r m a t i o n a l l y  i n a c c e s s i b l e  to  cy to chrom e  P450  anc*
I o a n n i d e s ,  1981a ) .  Many o f  t h e  m e t a b o l i t e s  o f  cy to chrom e  P ^ g  o x y g e n a t i o n  
a r e  h i g h l y  r e a c t i v e  e l e c r o p h i l e s , which a r e  n o t  r e a d i l y  d e t o x i c a t e d  by 
enzymic c o n j u g a s e s ,  such as  epox ide  h y d r o l a s e  ( P a r k e  e t  a l , 1985) .  These 
r e a c t i v e  i n t e r m e d i a t e s  can  be f r e e - r a d i c a l s , f o r  example s e m i q u i n o n e s , 
n i t r o - a r o m a t i c  c a t i o n s  and azo a n i o n s ,  o r  may i n t e r a c t  w i t h  c e l l  
components  to  form t e r t i a r y  f r e e  r a d i c a l s .  The r a d i c a l  i n t e r m e d i a t e s  can 
r e a c t  w i t h  m o l e c u l a r  oxygen to  form *0^ and r e g e n e r a t e  t h e  o x i d i z e d  
p a r e n t  compound, which  th e n  becomes a s u b s t r a t e  a g a i n  f o r  t h e  m ix ed-  
f u n c t i o n  o x i d a s e s ;  a r edox  c y c l e  i s  t h e r e b y  e s t a b l i s h e d  (T ru s h  e_t a l , 
1982) .
The m ic rosom al  mixed f u n c t i o n  o x i d a s e  s y s te m  h a s  been  p o s t u l a t e d  to  
be l e a k y ,  such t h a t  r e a c t i v e  oxygen s p e c i e s  can e s c a p e  i n t o  t h e  r e s t  o f  
the  c e l l  ( P a i n e ,  1978;  Cohen and Cederbaura, 1 9 7 9 ) .  The m ic ro so m a l  and 
m i t o c h o n d r i a l  e l e c t r o n  t r a n s p o r t  c h a in s  a r e  p r o b a b l y  t h e  most  i m p o r t a n t  
s o u r c e s  o f  *0^ i n  v i v o  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .
R a d i c a l  i n t e r m e d i a t e s  o f  p h a r m a c o l o g i c a l  a g e n t s :  A n t i c a n c e r  a g e n t s  a r e
p rom inen t  among d r u g s ,  t h o u g h t  t o  be m e t a b o l i z e d  to  f r e e - r a d i c a l  i n t e r ­
m e d i a t e s  (Trush  e t  a l , 1982) :  t h e s e  d rugs  i n c l u d e  t h e  a n t h r a c y c l i n e  
a n t i b i o t i c s ,  a d r i a m y c i n  and d a u n o r u b i c i n ;  the  q u i n o n e s ,  m itom yc in  D, 
mytomycin C and s t r e p t o n i g r i n ;  and th e  p r o t e i n  a n t i t u m o u r  d r u g ,  
n e o c a r z i n o s t a t i n  (Kennedy e t  a l , 1981; Lown e t  a l , 1982; O b e r l e y  e t  a l , 
1982) .  Bleomycin i s  a  g l y c o p e p t i d e  a n t i c a n c e r  d ru g  which b i n d s  to  DNA, 
and w i l l  d e g ra d e  i t  i n  a r e a c t i o n  d e p e n d en t  on i r o n  and 0 . The 
i n c u b a t i o n  o f  b leom yc in  w i t h  an F e ( l l )  s a l t  i n  aqueous  s o l u t i o n  h a s  be e n  
r e p o r t e d  to  c a u se  t h e  f o r m a t i o n  o f  *0^ and *0H r a d i c a l s  ( H a l l i w e l l  and 
G u t t e r i d g e ,  1985) .  N i t r o g e n  m u s t a r d s ,  such as  c y c lo p h o s p h a m id e  and 
m e l p h a l a n ,  t h e  n i t r o s o u r e a s  ( s e e  C h a p t e r  6 ) ,  s e s q u i t e r p e n e  l a c t o n e s ,  and
an a c r i d i n e  d e r i v a t i v e ,  AMSA may promote f r e e  r a d i c a l  r e a c t i o n s  due to  
t h e i r  a b i l i t y  to  d e p l e t e  g l u t a t h i o n e  (GSH), an i m p o r t a n t  a n t i o x i d a n t  
(Gur to o  e t  a l , 1981;  A r r i c k  and Nathan ,  1984; s e e  l a t e r ) .  A l though  the  
main  mode o f  a c t i o n  o f  many o f  the  above d rugs  m igh t  n o t  i n v o l v e  f r e e  
r a d i c a l s ,  t h e i r  a d v e r s e  e f f e c t s  on t h e  c a n c e r  p a t i e n t  may w e l l  be 
m e d i a t e d  by such s p e c i e s . .
E f f e c t s  o f  f r e e  r a d i c a l - i n d u c e d  i n j u r y :  A u t o x i d a t i o n  i s  t h e  s p o n ta n e o u s
a u t o c a t a l y t i c  o x i d a t i o n  o f  o r g a n i c  s u b s t r a t e  u n d e r  m i l d  c o n d i t i o n s  a t
a m bien t  o r  subambien t  t e m p e r a t u r e s  in  t h e  p r e s e n c e  o f  m o l e c u l a r  oxygen
( B u r to n  and I n g o l d ,  1983) .  These r e a c t i o n s  c h a r a c t e r i s t i c a l l y  have a
s i n g l e  f r e e  r a d i c a l  i n i t i a t i o n  s t e p ,  and i f  t h e  p r o d u c t i o n  o f  a c t i v e
oxygen i n t e r m e d i a t e s  i s  no t  a d e q u a t e l y  c o n t r o l l e d  t h e n  a u t o x i d a t i o n  can
o c c u r .  A c t i v a t e d  oxygen s p e c i e s ,  produced  g e n e r a l l y  by s i d e  r e a c t i o n s  o f
a e r o b i c  m e ta b o l i s m  o r  t h rough  e x p o s u re  to  some t o x i c  c h e m i c a l s ,  can  r e a c t
d e t r i m e n t a l l y  w i th  p o t e n t i a l l y  a l l  the  c o n s t i t u e n t s  o f  b i o l o g i c a l  c e l l s
(Freeman and Crapo,  1982;  S ingh ,  1982) .  S u p e r o x id e  r a d i c a l - g e n e r a t i n g
sys tem s  have been u sed  to  d e m o n s t r a t e  t h a t  *0 ^ can  damage s u b c e l l u l a r
components ,  i n c l u d i n g  membranes and DNA; i n a c t i v a t e  enzymes such as
•  •c a t a l a s e ,  g l u t a t h i o n e  p e r o x i d a s e  and r a t  b r a i n  membrane Na , K ATPase; 
and k i l l  b a c t e r i a l  c e l l s  i n  c u l t u r e  (Bus and G ibson ,  1982;  F r i d o v i c h ,  
1986) .
The damaging a c t i o n s  o f  t h e  r e a c t i v e  i n t e r m e d i a t e s  o f  oxygen  metab­
o l i s m ,  upon p o l y u n s a t u r a t e d  f a t t y  a c i d s  (PUFA) a r e  e x p r e s s e d  by a r a d i c a l  
c h a i n  r e a c t i o n ,  termed l i p i d  p e r o x i d a t i o n  ( S l a t e r ,  1984;  s e e  l a t e r ) .  The 
a b s t r a c t i o n  o f  a hyd ro g en  atom from a m e th y le n e  group  i n  a p o ly ­
u n s a t u r a t e d  f a t t y  a c i d  l e a v e s  b e h in d  a c a r b o n - c e n t r e d  r a d i c a l  which ,  
a f t e r  r e a r r a n g e m e n t  to  a c o n j u g a t e d  d i e n e ,  r e a c t s  w i t h  0 ^ t o  form a 
h y d r o p e r o x y  r a d i c a l ,  R -00 ’ ( H a l l i w e l l  and G u t t e r i d g e ,  1985;  f i g  1 . 3 ) .  The 
pe roxy  r a d i c a l  a b s t r a c t s  a hyd rogen  from a n o t h e r  l i p i d  m o le c u le  to  g i v e  a
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( f rom  B o v e r i s  e t  a l ,  1981)
l i p i d  h y d r o p e r o x i d e  (R-OOH) and a  new h y d ro p e ro x y  r a d i c a l :  t h i s  p r o c e s s  
i s  r e p e a t e d  -  a c h a i n  r e a c t i o n  has  been  e s t a b l i s h e d .  L i p i d  h y d r o p e r o x i d e s  
( l i p o p e r o x i d e s )  a r e  r e l a t i v e l y  s t a b l e ,  u n d e r  m i ld  c o n d i t i o n s ,  b u t
t r a n s i t i o n - m e t a l  complexes  c a t a l y z e  t h e i r  d e c o m p o s i t i o n  to  c y c l i c  
p e r o x i d e s  and c y c l i c  e n d o p e r o x i d e s  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  
T r a n s i t i o n  m e t a l  com plexes ,  t h a t  have  t h i s  a b i l i t y ,  i n c l u d e  s a l t s  o f  
F e ( I I I )  and F e ( I l ) ,  haem og lob in ,  haem, cy tochromes  and h o r s e r a d i s h  
p e r o x i d a s e  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  The c y c l i c  p e r o x i d e s  and 
e n d o p e ro x i d e s  a r e  d e g ra d e d  by a s e r i e s  o f  complex r e a c t i o n s  to  a v a r i e t y  
o f  c a r b o n y l  compounds,  such as  a l k e n a l s ,  a l k a n a l s ,  h y d r o x y a l k e n a l s , 
k e t o n e s ,  a l k a n e s ,  h y d r o x y - a c i d s  and k e t o - a c i d s  ( E s t e r b a u e r ,  1982;  S l a t e r ,  
1984;  f i g  1 . 3 ) .
The o x i d a t i v e  d e t e r i o r a t i o n  o f  biomembranes i s  p r i m a r i l y  caused  by 
the  u n c o n t r o l l e d  p e r o x i d a t i o n  o f  p h o s p h o l i p i d  (Mead, 1976;  Bus and
Gibson ,  1979; P o r t e r } 1984) .  As a r e s u l t  o f  l i p i d  p e r o x i d a t i o n  p e p t i d e  
s c i s s i o n  can o c c u r  and p r o t e i n s  become d e n a t u r e d :  t h e r e  can  be s t r a n d  
s c i s s i o n  and b a s e  m o d i f i c a t i o n  o f  DNA; th e  a c t i v i t y  o f  t h i o l - c o n t a i n i n g  
enzymes i s  i n h i b i t e d ;  and l o s s  o f  membrane PUFA can c a u s e  changes  i n
membrane p e r m e a b i l i t y  and i m p a i r  membrane f u n c t i o n  (Freeman and Crapo,
1982) .  The o x i d a t i o n  o f  c a r b o h y d r a t e s  can c a u s e  changes  i n  c e l l  s u r f a c e  
r e c e p t o r s .  Many i m p o r t a n t  c o f a c t o r s ,  such as  a s c o r b a t e ,  f l a v i n s  and
p o r p h y r i n s  become u n a v a i l a b l e  when o x i d i z e d .  L i p i d  p e r o x i d a t i o n  can thus
c a u se  m a j o r  d i s r u p t i o n  o f  c e l l  f u n c t i o n s ,  and c e l l  d e a t h  ( T a p p e l ,  1973; 
P l a a  and W i t s c h i ,  1976;  Freeman and Crapo ,  1982) .
A u t o x i d a t i o n  o f  membrane PUFA has  been  i m p l i c a t e d  as  a p r im a r y
f a c t o r  i n  t h e  t o x i c i t y  o f  numerous x e n o b i o t i c s ,  such  as  p a r a q u a t ,  and i n  
t h e  p a t h o g e n e s i s  o f  many d i s e a s e s  (Shu e t  a l , 1979;  Reddrop e t  a l , 1983; 
Smith e t  a l , 1983;  see  e a r l i e r ) .  L i p o p e r o x i d e s  i n h i b i t  p r o s t a c y c l i n
s y n t h e t a s e  (Ham e t  a l , 1979) .  The a l d e h y d i c  p r o d u c t s  o f  l i p o p e r o x i d e
c o m p o s i t i o n  a r e  a l s o  t o x i c ,  and have been  shown t o  i n h i b i t  DNA and 
p r o t e i n  s y n t h e s i s  and to  b l o c k  l i p o p r o t e i n  s e c r e t i o n  i n  i s o l a t e d  r a t  
h e p a t o c y t e s  ( D i a n z a n i ,  1982) .  One a ld e h y d e  p r o d u c t ,  m a l o n d ia l d e h y d e  ( f i g  
1 .6 )  has  been  r e p o r t e d  to  have  l e t h a l  and m u ta g e n ic  e f f e c t s  (Yonei  and 
F u r e i ,  1981) .  M a lo n d ia ld e h y d e  can c ause  c r o s s - l i n k a g e s  b e tw e en  p r o t e i n s  
by r e a c t i n g  w i t h  t h e i r  s i d e  c h a in  amino g roups  to  form h i g h l y  
f l u o r e s c e n t ,  c o n j u g a t e d  S c h i f f  b a s e s  (Dona to ,  1981 ) .  Age p igments  
( l i p o f u s c i n )  c o n t a i n  c r o s s - l i n k e d  p r o t e i n s ,  v a r i o u s  l i p i d s  and t r a n s i t i o n  
m e ta l  i o n s  ( p a r t i c u l a r l y  i r o n ) ,  and d i s p l a y  f l u o r e s c e n c e  s i m i l a r  t o  t h a t  
o f  S c h i f f  b a s e s ;  t h e y  a r e  t h u s  t h o u g h t  to ,  be end p r o d u c t s  o f  l i p i d  
p e r o x i d a t i o n  ( G u t t e r i d g e ,  1984) .  These p igm en ts  have  b e e n  o b s e r v e d  to  
a c cu m u la t e  much f a s t e r  i n  the  m usc le s  o f  house  f l i e s  o f  h i g h  f l i g h t  
a c t i v i t y  than  in  i n s e c t s  o f  low a c t i v i t y ;  t h e  r a t e  o f  l i p o f u s c i n  
a c c u m u la t io n  c o r r e l a t e d  i n v e r s e l y  w i t h  the  l i f e  spans  o f  f l i e s  ( S o h a l ,  
1984) .  Age p igmen ts  a r e  a p rom inen t  f e a t u r e  o f  c e r t a i n  r e c e s s i v e l y
i n h e r i t e d  d i s o r d e r s ,  such as  n e u r o n a l  c e r o i d  l i p o f u s c i n o s i s  ( B a t t e n ' s  
D i s e a s e  and C h e d i a k - H ig a s h i  syndrome (Arm st rong ,  1984 ) .  The c e r e b r a l  
s p i n a l  f l u i d  o f  p a t i e n t s  w i th  B a t t e n ' s  D i s e a s e ,  has  been  shown to  c o n t a i n  
i n c r e a s e d  amounts o f  n o n - p r o t e i n  bound i r o n  and to  be e x t r a - s e n s i t i v e  to
the  damaging e f f e c t s  o f  *0 ^ ; f u r t h e r  i n d i c a t i n g  t h a t  f r e e  r a d i c a l s  a r e
i n v o l v e d  i n  the  a e t i o l o g y  o f  t h i s  syndrome ( G u t t e r i d g e ,  1982b ) .
Amyloid i s  an e x t r a c e l l u l a r  p a t h o l o g i c a l  p ig m e n t ,  c o m p r i s i n g  l a r g e l y  
o f  p r o t e i n ,  which i s  a s s o c i a t e d  w i t h  a d v a n c in g  age and numerous d i s e a s e s  
( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  Amyloid i s  one o f  t h e  a c u t e - p h a s e  
p r o t e i n s ,  s y n t h e s i s e d  by t h e  l i v e r  i n  r e s p o n s e  to  t i s s u e  damage,  and 
m ig h t ,  l i k e  l i p o f u s c i n ,  be a p r o d u c t  o f  a u t o x i d a t i o n .
B i o l o g i c a l l y  u s e f u l  f r e e  r a d i c a l  r e a c t i o n s :  Not a l l  f r e e  r a d i c a l -
m e d ia te d  r e a c t i o n s  a r e  d e l e t e r i o u s .  The c o n t r o l l e d  p r o d u c t i o n  o f  r e a c t i v e  
oxygen s p e c i e s  i s  i n v o lv e d  i n  normal  o x i d a t i o n  and h y d r o x y l a t i o n
r e a c t i o n s ,  i n c l u d i n g  th o s e  i n d i c a t e d  e a r l i e r .  - *0 ^ m ig h t  be an
i n t e r m e d i a t e  i n  v i t a m i n  K-dependen t  c a r b o x y l a t i o n  r e a c t i o n s ,  such as  
t h o s e  o f  t h e  b lo o d  c l o t t i n g  sys tem ( H a l l i w e l l ,  1981) .  F r e e  r a d i c a l  
i n t e r m e d i a t e s  a r e  t h o u g h t  to  a s s o c i a t e d  w i t h  t h e  f o r m a t i o n  o f  c y c l i c  GMP 
by g u a n y l a t e  c y c l a s e ,  and w i t h  t h e  b i o s y n t h e s i s  o f  p r o s t a n o i d s  and 
l e u k o t r i e n e s  (Hemler  and Lands ,  1980; P a r a n t a i n e n ,  1982) .
L e u k o c y te s  c a p a b l e  o f  p h a g o c y t p s i s  i n c l u d e  n e u t r o p h i l s  ( a  form o f  
p o l y m o r p h o n u c le a r  l e u k o c y t e ) ,  macrophages and t h e i r  p r e c u r s o r  c e l l s ,  t h e  
monocy tes .  When p h a g o c y t i c  c e l l s  r e c o g n i s e  a f o r e i g n  p a r t i c l e ,  such as  a 
b a c t e r i a l  c e l l ,  t h e r e  i s  a  pronounced  i n c r e a s e  i n  oxygen c onsum pt ion  and 
i n  p e n t o s e  monophospha te  s h un t  a c t i v i t y ,  and r e a c t i v e  oxygen s p e c i e s  a r e  
p roduced :  t h i s  p r o c e s s  i s  known as the  " r e s p i r a t o r y  b u r s t "  ( F a n to n e  and 
Ward, 1982 ) .  I t  i s  p r o b a b l e  t h a t  r e a c t i v e  oxygen s p e c i e s  a r e  u sed  to  k i l l  
i n v a d i n g  m ic r o b e s  ( F a n tone  and Ward; 1982; Weiss  and L o B u g l io ,  1982) .  
B a s o p h i l s ,  e o s i n o p h i l s ,  mas t  c e l l s  and th e  K u p f f e r  c e l l s  o f  t h e  l i v e r ,  
have a l s o  been  o b s e rv e d  to  p roduce  *0 ^ d u r i n g  a r e s p i r a t o r y  b u r s t  
( H a l l i w e l l  and G u t t e r i d g e ,  1985) .
Defence Against Autoxidation - The Antioxidant Defence System
Anim als ,  and p l a n t  c e l l s  c o n t a i n  m u l t i p l e  d e f e n c e s  a g a i n s t  t h e  
damaging a c t i o n s  o f  r e a c t i v e  oxygen s p e c i e s  ( F r i d o v i c h ,  1978;  S i e s ,  
1984) .  These  d e f e n c e  mechanisms a r e  c o l l e c t i v e l y  known as  t h e  a n t i o x i d a n t  
d e f e n c e  sy s te m .  There  a r e  two main g roups  o f  a n t i o x i d a n t s :  t h e
p r e v e n t a t i v e  ( p r i m a r y )  a n t i o x i d a n t s ,  which d e c r e a s e  t h e  r a t e  o f  c h a i n  
i n i t i a t i o n ;  and t h e  c h a i n - b r e a k i n g  ( s e c o n d a r y )  a n t i o x i d a n t s ,  which 
i n t e r c e p t  t h e  f r e e  r a d i c a l s ,  r e s p o n s i b l e  f o r  a u t o x i d a t i o n  ( B u r to n  and 
I n g o l d ,  1 9 8 3 ) .  Secondary  a n t i o x i d a n t s  (ArOH) g e n e r a l l y  p r e v e n t  l i p i d  
p e r o x i d a t i o n  by d o n a t i n g  hydrogen  atoms to  h y d r o p e r o x y  r a d i c a l s ;  t h e  
r e s u l t a n t  r a d i c a l  (ArO*) i s  n o t  s u f f i c i e n t l y  r e a c t i v e  to  c o n t i n u e  t h e
r e a c t i o n  c h a i n : -
R00* + ArOH >- ROOH + ArO*
S u p e r o x id e  d i s m u t a s e :  I n  1938, Mann and K e i l i n  d i s c o v e r e d  a c o p p e r -
c o n t a i n i n g  p r o t e i n  i n  b o v in e  b lood ,  and c a l l e d  i t  ha e m oc up re in .  D ur ing  the  
y e a r s  f o l l o w i n g ,  s i m i l a r  p r o t e i n s  were a l s o  i s o l a t e d  from o t h e r  t i s s u e s  
and i n  o t h e r  s p e c i e s .  I t  was no t  u n t i l  t h e  l a t e  1 9 6 0 ' s  t h a t  McCord and 
F r i d o v i c h  showed t h a t  e r y t h r o c u p r e i n  c o n t a i n e d  z in c  i n  t h e  same 
p r o p o r t i o n  as  c o p p e r ,  and t h a t  t h e  f u n c t i o n  o f  t h e  enzyme was to  
a c c e l e r a t e  t h e  d i s m u t a t i o n  ( d i s p r o p o r t i o n a t i o n )  o f  *0 ^ to  ^ 2^2 
( F r i d o v i c h ,  1 9 7 6 ) : -
Th i s  enzyme e x i s t s  in  v i r t u a l l y  a l l  e u k a r y o t i c  c e l l s :  i s  g e n e r a l l y  a b s e n t
in  o b l i g a t e  a n a e r o b e s ;  and was the  f i r s t  o f  t h e  s u p e r o x i d e  d i s m u t a s e s  
(SOD) t o  be d i s c o v e r e d  ( F r i d o v i c h ,  1978) .  C up roz inc  s u p e r o x i d e  d i s m u t a s e s  
(Cu/Zn-SOD) a r e  composed o f  two s u b u n i t s ,  each c o n t a i n i n g  one c o p p e r  and
32 ,000  ( F r i d o v i c h ,  1982a) .
I n  a d d i t i o n  to  Cu/Zn-SODs t h e r e  a r e  a t  l e a s t  t h r e e  o t h e r  forms o f  
t h e  enzyme.  A h i g h  m o l e c u l a r  w e igh t  ( 1 3 5 ,0 0 0 )  c o p p e r - c o n t a i n i n g  SOD has  
been  d i s c o v e r e d  to  be p r e s e n t  i n  e x t r a c e l l u l a r  f l u i d s  and ,  i n  s m a l l  
amounts ,  i n  o t h e r  t i s s u e s ,  e s p e c i a l l y  lung  (Marklund,  1982) .  Many 
b a c t e r i a ,  a l g a e  and a few s p e c i e s  o f  p l a n t  p o s s e s s  an i r o n - c o n t a i n i n g  
SOD, (Fe-SOD; H a l l i w e l l  and G u t t e r i d g e ,  1985) .  These enzymes a r e  
g e n e r a l l y  d i m e r i c  and have  amino a c i d  s e q u en c e s  d i s s i m i l a r  to  t h o s e  o f  
Cu/Zn-SODs. A r e l a t e d  enzyme, manganese SOD (Mn-SOD), h a s  b e e n  found i n  
b a c t e r i a ,  p l a n t s  and a n im a l s .  I n  h i g h e r  s p e c i e s ,  such as  t h e  r a t ,  t h i s  
enzyme h a s  been  r e p o r t e d  to  have a  t e t r a m e r i c  s t r u c t u r e  and to  h a v e  a
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one z i n c  i o n  a t  the  a c t i v e  s i t e ,  and have m o l e c u l a r  w e i g h t s  o f  abou t
m o l e c u l a r  w e ig h t  o f  8 9 ,000  ( S a l i n  e t  a l , 1978) .
C u / Z n - c o n t a i n i n g  s u p e r o x i d e  d i s m u t a s e s  a r e  m a i n l y  c o n f i n e d  to  the 
c y t o s o l  o f  mammalian c e l l s ,  a l t h o u g h  some i s  p o s s i b l y  l o c a t e d  b e tw een  the  
i n n e r  and o u t e r  m i t o c h o n d r i a l  membranes (W e i s in g e r  and F r i d o v i c h ,  1973; 
P e s k i n  e t  a l , 1977) .  Cu/Zn-SOD i s  i n h i b i t e d  by c y a n i d e ,  and ,  l i k e  the  
Fe-SODs, can be i n a c t i v a t e d  by a z i d e  and p r o lo n g e d  e x p o s u r e  t o  ^2^2 
(Hassan  e t  a l , 1980) .  Mn-SOD i s  m a in ly  l o c a t e d  in  t h e  m i t o c h o n d r i a l
m a t r i x ,  a l t h o u g h  in  human l i v e r ,  e x t r a m i t o c h o n d r i a l  Mn-SOD has  been  
d e t e r m i n e d  (Marklund e t  a l , 1982) .  The manganous enzyme i s  n o t  i n h i b i t e d  
by c y a n i d e ,  and i s  l e s s  s e n s i t i v e  to  i n a c t i v a t i o n  by r e a c t i v e  oxygen 
s p e c i e s  th a n  o t h e r  d i s m u t a s e s  ( W e i s in g e r  and F r i d o v i c h ,  1 9 7 3 ) .
C a t a l a s e :  The c a t a l a s e s  a r e  h a e m o p r o t e i n s , p r i m a r i l y  l o c a t e d  i n  the
pe rox i som e s  o f  a e r o b i c  c e l l s  (Chance e t  a l , 1979) .  C a t a l a s e s  remove ^£^2* 
g e n e r a t e d  by p e r o x i s o m a l  o x i d a s e s  by c a t a l y s i n g  the  f o l l o w i n g  r e a c t i o n :
2 H20 2  ►  2 H20 + 02
The c a t a l a s e  r e a c t i o n  mechanism has  two s t a g e s :  ^ 2^2 ^n t e r a c t s  the
enzyme to  form a complex ,  c a l l e d  compound I ,  which r e a c t s  w i t h  f u r t h e r  
H2°2 t0  Proc*uc e  f r e e  c a t a l a s e ,  02 and H20 (Cohen e t  a l , 1 9 7 0 ) .  Compound I  
w i l l  c a t a l y z e  the  o x i d a t i o n  o f  t h e  a l c o h o l s ,  m e th a n o l  and e t h a n o l  to  
t h e i r  c o r r e s p o n d i n g  a l d e h y d e s ,  fo rm aldehyde  and a c e t a l d e h y d e ,  
r e s p e c t i v e l y  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .
Catalases generally comprise four haem-containing sub-units, and are 
inhibited by cyanide, azide and aminotriazole.
G l u t a t h i o n e  and g l u t a t h i o n e - c e n t r e d  enzymes: G l u t a t h i o n e  i n  i t s  r e d u c e d
form (GSH) i s  a t r i p e p t i d e ,  c o n s i s t i n g  o f  g l u t a m a t e ,  g l y c i n e  and
c y s t e i n e ,  and r e p r e s e n t s  ove r  90% o f  the  n o n - p r o t e i n  t h i o l  o f  t h e  l i v e r  
( M e i s t e r ,  1982; L e v i n e ,  1983) .  GSH has  a c e n t r a l  r o l e  i n  many a s p e c t s  o f
m e t a b o l i s m ,  as  i t  i s  a c o - f a c t o r  f o r  s e v e r a l  enzymes,  such  a s  g l y o x y l a s e  
and p r o s t a g l a n d i n  e n d o p e ro x i d e  i s o m e r a s e ;  GSH i s  a l s o  c o n c e r n e d  w i th  t h e  
m e t a b o l i s m  o f  i n s u l i n  (Kosower and Kosower,  1976b; H a l l i w e l l  and 
G u t t e r i d g e ,  1985) .  GSH i s  no t  v i t a l  f o r  a l l  a e r o b i c  o r g a n i s m s ,  as  t h e r e  
a r e  many s t r a i n s  o f  b a c t e r i a  t h a t  use  o t h e r  low m o l e c u l a r  w e i g h t  t h i o l s  
as an a l t e r n a t i v e  (Fahey  e t  a l , 1984) .  The d e p l e t i o n  o f  GSH i n  r o d e n t  
l i v e r s  h a s  been  r e p o r t e d  to  c a u s e  h e p a t i c  l i p i d  p e r o x i d a t i o n  (Younes and 
S i e g e r s ,  1980) .  The p r o t e c t i o n  from p e r o x i d a t i o n  m ig h t  be  p a r t l y  due to  
the  a b i l i t y  o f  GSH to  scavenge  *0H and 0 ^  ( M e i s t e r  and A nde r son ,  1983) .  
GSH and o t h e r  t h i o l  compounds a t  a p p r o p r i a t e  c o n c e n t r a t i o n s  w i l l ,  
however ,  c a t a l y s e  the  f o r m a t i o n  o f  *0H from *0^ (Rowley and H a l l i w e l l ,  
1982) .  GSH might  a l s o  h e l p  to  r e g e n e r a t e  s u l p h h y d r y l  g roups  o f  enzymes 
t h a t  have  been s u b j e c t e d  to  a u t o x i d a t i o n  ( I s a a c s  and B i n k l e y ,  1977) .  GSH 
i s  c o n j u g a t e d  to some e l e c t r o p h i l i c  x e n o b i o t i c s  by g l u t a t h i o n e - S -
t r a n s f e r a s e s  to make them w a t e r - s o l u b l e  so t h a t  t h e y  can  be more r e a d i l y
e x c r e t e d  from the  body ( C ha sse a ud ,  1979) .  GSH m ig h t  a l s o  h e l p  to  p r e v e n t  
l i v e r  damage by a c t i n g  as a c o f a c t o r  i n  t h e  pa thways  t h a t  o x i d i z e  
fo rm a ld e h y d e ,  formed d u r i n g  d e m e t h y l a t i o n  r e a c t i o n s  ( L e v in e ,  1983) .
The main  way i n  which GSH a c t s  as  an a n t i o x i d a n t  i s  p r o b a b l y  v i a  i t s
• *
r o l e  as  c o - s u b s t r a t e  f o r  t h e  enzyme g l u t a t h i o n e  p e r o x i d a s e  (GSH 
p e r o x i d a s e ) .  Th is  enzyme c a t a l y z e s  the  r e d u c t i o n  o f  ^ 0 ^  and l i p i d  
h y d r o p e r o x i d e s ,  w h i l e  c o n v e r t i n g  GSH to  i t s  o x i d i z e d  form,  GSSG, in  which 
two m o l e c u l e s  o f  GSH a r e  l i n k e d  by a d i s u l p h i d e  b r i d g e  be tw een  t h e  
c y s t e i n e  r e s i d u e s  ( G a n th e r  e t  a l , 1976; Sunde and H o e k s t r a ,  1 9 8 0 ) : -
H20 2 + 2 GSH >  GSSG + H20
R00H + 2 GSH ■> R0H + GSSG + H20
Hydrogen p e r o x i d e ,  p roduced by th e  p e ro x i s o m e s  i s  m e t a b o l i z e d  by
c a t a l a s e ,  w h i l e  t h a t  o f  o t h e r  c e l l u l a r  compar tm ents  i s  r e d u c e d  by GSH 
p e r o x i d a s e s  ( Jo n e s  e t  a l , 1981) .  The b e s t  c h a r a c t e r i z e d  form o f  GSH
p e r o x i d a s e  was d i s c o v e r e d  by M i l l s  in  1957: has  a m o l e c u l a r  w e ig h t  o f  
a b o u t  8 5 ,0 0 0 ;  and c o n s i s t s  o f  f o u r  i d e n t i c a l  s u b u n i t s ,  each  c o n t a i n i n g  a 
s e l e n i u m  atom a t  t h e  a c t i v e  s i t e  (G a n the r  e t  a l , 1976;  Kraus e t  a l ,
1980 ) .  GSH p e r o x i d a s e  has  v e r y  h ig h  s u b s t r a t e  s p e c i f i c i t y  f o r  GSH b u t  
w i l l  r e d u c e  a wide r a n g e  o f  p e r o x i d e s  ( F lo h e ,  1982) .  The enzyme has  been  
shown to  be r e l a t i v e l y  d u r a b l e  i n  v i t r o  to  a d v e r s e  c o n d i t i o n s  o f  s t o r a g e  
and so i s  p r o b a b l y  p a r t i c u l a r l y  s u i t a b l e  as  a d e f e n c e  a g a i n s t  a u t o x -
i d a t i o n  (C o n d e l l  and T a p p e l ,  1983) .  GSH p e r o x i d a s e  can  be i n h i b i t e d  i n
v i t r o  by i o d o a c e t i c  a c i d ,  i o d o a c e t a m id e ,  NADPH, and by m e t a l  i o n s ,
p a r t i c u l a r l y  cadmium ( I I )  and z i n c  ( I I )  (Zakowski  and T a p p e l ,  1978;
S p l i t t g e r b e r  and T a p p e l ,  1979) .  I n  a n im a l s ,  GSH p e r o x i d a s e  i s  p r e s e n t  in  
t he  m i t o c h o n d r i a l  m a t r i x  and c y t o s o l  o f  c e l l s  and in  t h e  p lasm a  ( G a n th e r  
e t  a l , 1 9 76 ) .  A r e l a t e d  membrane-bound s e le n o e n z y m e , c a l l e d  p h o s p h o l i p i d  
h y d r o p e r o x i d e  GSH p e r o x i d a s e  has  been found i n  v a r i o u s  mammalian 
t i s s u e s ,  such as  p ig  h e a r t  ( U r s i n i  e t  a l , 1985) .
The a c t i v i t y  o f  GSH p e r o x i d a s e  i s  de pe nden t  upon t h e  d i e t a r y  i n t a k e
o f  s e l e n i u m  ( V a l e n t i n e  e t  a l , 1980) .  However t h e  t i s s u e s  o f  r o d e n t s ,  f ed  
a  s e l e n i u m - d e f i c i e n t  d i e t ,  s t i l l  e x h i b i t  GSH p e r o x i d a s e  a c t i v i t y  
(Lawrence and Burk,  1976;  C i k r y t  e t  a l , 1982) .  T h i s  n o n - s e l e n i u m  GSH 
p e r o x i d a s e  a c t i v i t y  i s  p ro b a b l y  due to  some o f  t h e  g l u t a t h i o n e - S  
t r a n s f e r a s e s ;  t h e s e  enzymes w i l l  r educ e  o r g a n i c  p e r o x i d e s  b u t  n o t  
( C i k r y t  e t  a l , 1982) .  N o n - se le n iu m  GSH p e r o x i d a s e s  a r e  m a i n ly  l o c a t e d  i n  
t h e  c y t o s o l  and m i t o c h o n d r i a ,  a l t h o u g h  a c t i v i t y  h a s  be e n  r e p o r t e d  to  
o c c u r  i n  r a t  l i v e r  microsomes (Lawrence and Burk,  1978;  Reddy e t  a l ,
1981) .
The GSSG, p roduced  by GSH p e r o x i d a s e s ,  i s  r e d u c e d  ba c k  t o  GSH by 
g l u t a t h i o n e  r e d u c t a s e s ,  which c a t a l y z e  the  r e a c t i o n : -
GSSG + NADPH + H+ ----------► 2 GSH + NADP+
The NADPH, r e q u i r e d  f o r  t h i s  r e a c t i o n ,  i s  p r o v id e d  by t h e  p e n to s e  
p h o s p h a te  pathway.  GSSG can  i n a c t i v a t e  a number o f  enzymes ,  such as 
a d e n y l a t e  c y c l a s e ,  p h o s p h o f r u c t o k i n a s e ,  and p h o s p h o r y l a s e  p h o s p h a t a s e ,  by 
forming mixed d i s u l p h i d e s ,  and i n h i b i t s  p r o t e i n  s y n t h e s i s .  G l u t a t h i o n e  
r e d u c t a s e s  thus  h e l p  to  m a i n t a i n  t h e  h i g h  GSH/GSSG r a t i o s  r e q u i r e d  f o r  
normal  c e l l  f u n c t i o n  (Kosower and Kosower,  1978; H a l l i w e l l  and 
G u t t e r i d g e ,  1985) .
O t h e r  a n t i o x i d a n t  enzymes: The cy tochrome P4 5 Q s y s tem  p r o b a b l y
i n v o lv e d  i n  the  m e t a b o l i s m  o f  l i p o p e r o x i d e s  (White  and Coon, 1980; 
W heele r ,  1983) .  The p r im a ry  r o l e  o f  cy tochrome ^450 s i n g l e c e l l
o rgan i sm s  has  been s u g g e s t e d  to  be oxygen d e t o x i f i c a t i o n  (Wickramsinghe 
and V i l l e e ,  1975) .  The enzyme t h i o r e d o x i n  r e d u c t a s e  has  be e n  r e p o r t e d  to  
quench f r e e  r a d i c a l s  a t  t h e  s u r f a c e  o f  the  e p i d e r m i s ,  i n d i c a t i n g  t h a t  
t h i s  enzyme may h e l p  to  p r e v e n t  damage to  t h e  s k i n  by r a d i c a l s ,  g e n e r a t e d  
from UV l i g h t  ( S c h a l l r e u t e r  and Wood, 1985) .  C a e r u l o p l a s m i n ,  t h e  c o p p e r -  
c a r r y i n g  g l y c o p r o t e i n  o f  t h e  e x t r a c e l l u l a r  f l u i d s  has  f e r r o x i d a s e  
a c t i v i t y ,  t h a t  i s  i t  c a t a l y s e s  t h e  o x i d a t i o n  o f  F e ( I l )  t o  F e ( I I l ) .
r
C a e r u l o p l a s m i n  might  t h u s  i n h i b i t  l i p i d  p e r o x i d a t i o n  by i r o n  s a l t s ,  as  
F e ( I I I )  i s  a  l e s s  p o t e n t  c a t a l y s t  o f  a u t o x i d a t i o n  r e a c t i o n s  t h a n  F e ( I l )  
( G u t t e r i d g e  e t  a l , 1985) .  C a e r u l o p l a s m i n  has  be e n  shown to  s c a v e n g e  *0^ 
b u t  much l e s s  e f f e c t i v e l y  t h a n  SOD ( G o l d s t e i n  e t  a l , 1979 ) .  T r a n s f e r r i n  
and l a c t o f e r r i n  a r e  e x t r a c e l l u l a r  p r o t e i n s  t h a t  p r e v e n t  l i p i d  p e r o x ­
i d a t i o n  by b i n d i n g  i r o n  s a l t s  ( H a l l i w e l l  and G u t t e r i d g e ,  1 9 85 ) .
Non-enzymic a n t i o x i d a n t  d e f e n c e :  The c o n s t i t u e n t s  o f  l i p i d  membranes can 
i n f l u e n c e  the  s u s c e p t i b i l i t y  to  a u t o x i d a t i o n :  t h e  p r e s e n c e  o f
c h o l e s t e r o l ,  f o r  example ,  can c o n f e r  r e s i s t a n c e  a g a i n s t  p e r o x i d a t i o n  
( B u r l a k o v a ,  1975; H a l l i w e l l  and G u t t e r i d g e ,  1985 ) .  V i tam in  E i s  a l i p i d -
s o l u b l e  v i t a m i n ,  t h a t  c o n c e n t r a t e s  i n  t h e  i n t e r i o r  o f  membranes,  and i s  a 
m i x t u r e  o f  f o u r  pheno ls  ( t o c o p h e r o l s ) o f  which t h e  Qj-form i s  most  a c t i v e  
( B u r to n  and I n g o l d ,  1983b) .  V i t am in  E quenches  and r e a c t s  w i t h  ^0^ and 
s cav e n g e s  *0^ . I t  i s  a l s o  a  c h a i n - b r e a k i n g  a n t i o x i d a n t  as  i t  r e a c t s  w i t h  
l i p i d  p e roxy  r a d i c a l s  t o  form t o c o p h e r y l  r a d i c a l s ,  which  c a n n o t  a b s t r a c t  
p r o t o n s  from membrane PUFA ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  Of-Tocophero l  
has  been  shown to  p r o t e c t  a g a i n s t  l i p i d  p e r o x i d a t i o n  i n  v i t r o  and i n  v i v o  
( B u r to n  e t  a l , 1983b) .  ^
A s c o r b a t e :  A s c o r b i c  a c i d  ( v i t a m i n  C) i s  a r e d u c i n g  a g e n t  which  may h e l p
to  d e t o x i c a t e  r a d i c a l  s p e c i e s  by r e a c t i n g  w i t h  them to  p ro d u ce  a compar­
a t i v e l y  u n r e a c t i v e  s p e c i e s ,  t h e  s e m i d i h y d r o a s c o r b a t e  r a d i c a l : -
*0H + a s c o r b a t e  ----------s e m i d i h y d r o a s c o r b a t e  + OH
2 s e m i d i h y d r o a s c o r b a t e  ----------a s c o r b a t e  + d e h y d r o a s c o r b a t e
A s c o r b i c  a c id  i s  p o s s i b l y  an i m p o r t a n t  e x t r a c e l l u l a r  a n t i o x i d a n t  i n  
l u n g ,  b e c a u s e  i t  has  been  shown to  a c c u m u la t e  i n  t h e  f l u i d  l i n i n g  o f  
pu lmonary a i r  spaces  ( H a l l i w e l l  and G u t t e r i d g e ,  1985 ) .  A s c o r b a t e  does n o t  
r e a c t  w i t h  peroxy  r a d i c a l s  as r e a d i l y  as  v i t a m i n  E; i t  h a s  b e e n  h y p o t h ­
e s i s e d  a m a jo r  a n t i o x i d a n t  f u n c t i o n  o f  a s c o r b a t e  i s  to  r e g e n e r a t e  v i t a m i n  
E from t o c o p h e r y l  r a d i c a l s  ( N ik i  e t  a l , 1984) .
D e h y d r o a s c o r b a t e  has  been  shown to  c a u s e  d i a b e t e s  i n  a n i m a l s .  
A s c o r b a t e ,  i n  t h e  p r e s e n c e  o f  ^2^2 an£* a t  c o n c e n t r a t ^ons t o °  ^ow to  
s cavenge  *0H, can r e d u c e  F e ( I I l )  t o  F e ( I l )  t o  s t i m u l a t e  *0H f o r m a t i o n  
( s e e  C h a p t e r  4 ) .
Se len ium:  The e s s e n t i a l  t r a c e  e l e m e n t ,  s e l e n i u m  (Se )  r e s e m b l e s  s u l p h u r
in  many o f  i t s  p r o p e r t i e s ,  b u t  i n  v i v o  s e l e n i u m  compounds t e n d  t o  unde rgo  
r e d u c t i o n  r e a c t i o n s ,  whereas  s u l p h u r  compounds u s u a l l y  u n de rgo  o x i d a t i o n s
( S ta d tm a n ,  1980; Reddy and M a s s a r a ,  1983) .  The r e d u c t i o n  o f  GSH by
s e l e n i u m - d e p e n d e n t  GSH p e r o x i d a s e  i s  an example o f  t h i s  g e n e r a l i s a t i o n .  
A l though  GSH p e r o x i d a s e  i s  t h e  b e s t  c h a r a c t e r i z e d ,  o t h e r  s e l e n o p r o t e i n s ,  
such as  s e l e n o f l a g e l l i n  o f  m usc le  and s e l e n i u m - t r a n s p o r t  p r o t e i n  a r e  a l s o  
p r e s e n t  i n  an im a ls  (Reddy and M a ssa ra ,  1983) .  The main a n t i o x i d a n t  
p r o p e r t i e s  o f  s e l e n i u m  a r e  due to  i t s  p r e s e n c e  in  GSH p e r o x i d a s e  ( V e r n i e ,  
1984 ) .  Se len ium  d o e s ,  however ,  have  a s y n e r g i s t i c  e f f e c t  on v i t a m i n  E: as  
p a r t  o f  GSH p e r o x i d a s e  i t  l e s s e n s  the  amount o f  v i t a m i n  r e q u i r e d  to  
p r o t e c t  membranes from p e r o x i d a t i o n ;  i t  a s s i s t s  normal  d i e t a r y  a b s o r p t i o n  
o f  v i t a m i n  E by p r e s e r v i n g  the  i n t e g r i t y  o f  t h e  p a n c r e a s ;  and a i d s  the  
r e t e n t i o n  o f  v i t a m i n  E in  t h e  p lasma by an unknown mechanism ( S c o t t ,
1986 ) .  Se len ium  has  been  r e p o r t e d  to  enhance  b o t h  hum ora l  and c e l l u l a r  
immunity (Reddy and M a ss a r a ,  1983) .
O t h e r  a n t i o x i d a n t s :  U r i c  a c i d ,  a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  in  human
p las m a ,  has  been  r e p o r t e d  to  be a s c a v e n g e r  o f  'OH (Ames e t  a l , 1981) .  
G lucose  i s  a weak s c a v e n g e r  o f  'OH, b u t  i s  p r e s e n t  i n  s u b s t a n t i a l
c o n c e n t r a t i o n s  in  b i o l o g i c a l  s y s t e m s ,  and so m igh t  be a s i g n i f i c a n t
a n t i o x i d a n t  (Sagone e t  a l , 1983) .  Zinc p o s s i b l y  has  a n t i o x i d a t i v e  
p r o p e r t i e s  ( W i l l s o n ,  1977):  s pe rm ine  has  been  r e p o r t e d  to  be a *02
s c a v e n g e r  ( V a n e l l a  e t  a l , 1982) ;  e t h a n o l  can s cavenge  'OH r a d i c a l s  
( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  j (3 -caro tene ,  an o r a n g e - y e l l o w  p igment  
and a p r o - v i t a m i n  f o r  v i t a m i n  A, i s  o b t a i n e d  in  t h e  d i e t  f rom v e g e t a b l e s ,  
and h a s  been  shown to  be a p o w e r fu l  q u e n c h e r  ( W i l l s o n ,  1 9 8 3 ) .  D i e t a r y  
r i b o f l a v i n  has  been  o b s e rv e d  to  a c t  s y n e r g i s t i c a l l y  w i t h  C ^ - to c o p h e r o l  i n  
i n h i b i t i n g  CC l^ - induc e d  h e p a t i c  l i p i d  p e r o x i d a t i o n  i n  r a t s  (Miyazawa el: 
a l , 1984) .  S y n t h e t i c  a n t i o x i d a n t s ,  such as  b u t y l a t e d  h y d r o x y t o l u e n e  
(BHT) ,  b u t y l a t e d  h y d r o x y a n i s o l e  (BHA), p r o p y l  g a l l a t e ,  p r o m e t h a z i n e  and 
e t h o x y q u i n ,  can be found in  f o o d s t u f f s  and in  c e r t a i n  o v e r - t h e - c o u n t e r  
m e d i c in e s  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  There  a r e  a number o f
s y n t h e t i c  and n a t u r a l  a n t i o x i d a n t s  dev e lo p e d  by th e  P h a r m a c e u t i c a l
o x i d i z e d  by h y d r o p e r o x i d e s : -
ROOH + 2H+ + 21 ► ROH + H20 + I 2
The c o n c e n t r a t i o n  o f  l i b e r a t e d  i o d i n e  can be m easured  by t i t r a t i o n
w i t h  t h i o s u l p h a t e ,  o r  t r i - i o d i d e  a n i o n s : -
The i o d o m e t r i c  a s s a y  has  to  be a p p l i e d  unde r  a n a e r o b i c  c o n d i t i o n s  to
p r e v e n t  i n t e r f e r e n c e  i n  t h e  r e a c t i o n  sy s te m  by m o l e c u l a r  oxyygen ( P r y o r  
and C a s t l e ,  1984)
H ydrope rox ide  c o n c e n t r a t i o n s  can be d e t e r m i n e d  u s i n g  p e r o x i d a s e s  
( P r y o r  and C a s t l e ,  1984) .  P e r o x i d a s e s  c a t a l y s e  the  r e d u c t i o n  o f  h y d r o ­
p e r o x i d e s  to  the  c o r r e s p o n d i n g  a l c o h o l s ,  u s i n g  h y d r o g e n ,  a b s t r a c t e d  from 
a s u i t a b l e  donor  (DH2 ) : -
The c o n c e n t r a t i o n s  o f  t h e  o x i d i z e d  p r o d u c t ,  D, c o r r e s p o n d s  to  t h a t  
o f  h y d r o p e r o x i d e ,  and can be e s t i m a t e d  by v a r i o u s  s u i t a b l e  means .  L i p o -  
p e r o x i d e s  may be d e t e r m i n e d ,  f o r  example,  u s i n g  GSH p e r o x i d a s e  and e x c e s s  
GSH. The l i p o p e r o x i d e  c o n c e n t r a t i o n s  would t h e n  be q u a n t i f i e d ,  by 
d e t e r m i n i n g  th e  c o n c e n t r a t i o n  o f  GSSG ( P r y o r  and C a s t l e ,  1 9 8 4 ) : -
ROOH + 2GSH --------------►ROH + GSSG + H20
The p e r o x i d a s e  ( h a e m a t i n ) - c a t a l y z e d  o x i d a t i o n  o f  d i c h l o r o f l u o r e s c i n  
t o  d i c h l o r o f l u o r e s c e i n ,  has  be e n  a p p l i e d  as  an a s s a y  to  d e t e r m i n e  h y d r o ­
p e r o x i d e  c o n c e n t r a t i o n s  ( C a t h c a r t  e t  a l , 1983) .  As t h e  h y d r o p e r o x i d e  
s u b s t r a t e  and d i c h l o r o f l u o r e s c e i n  p r o d u c t  were r e p o r t e d  t o  have  1:1  
s t o i c h i o m e t r y ,  h y d r o p e r o x i d e  c o n c e n t r a t i o n  can be a s c e r t a i n e d  from t h e  
f l u o r i m e t r i c  d e t e r m i n a t i o n  o f  d i c h l o r o f l u o r e s c e i n .
ROOH + DH ► ROH + H20 + D2
I n d u s t r y  a s  p o t e n t i a l  t h e r a p e u t i c  a g e n t s  (Suno and Nagaoka,  1 9 8 4 ) .
The D e t e c t i o n  o f  L i p i d  P e r o x i d a t i o n
L i p i d  p e r o x i d a t i o n  i s  a complex p r o c e s s  ( f i g .  1 . 3 ) .  The d i v e r s i t y
of  the  p r o d u c t s  o f  l i p i d  p e r o x i d a t i o n  h a s  e n a b le d  numerous methods o f  
m o n i t o r i n g  l i p i d  p e r o x i d a t i o n  to  be d e v i s e d  ( S l a t e r ,  1982;  summarized i n  
f i g .  1 . 4 ) .  Most m e thods ,  however ,  a r e  o n l y  s u i t a b l e  f o r  i n  v i t r o  l i p i d  
p e r o x i d a t i o n  s y s te m s ,  such as  m ic rosomal  f r a c t i o n s  and l i p i d  membranes 
( S l a t e r ,  1984) .
Diene c o n j u g a t i o n :  L i p i d s ,  t h a t  c o n t a i n  d i e n e  o r  po ly en e  g r o u p s ,  have
been o b s e rv e d  to  show a s h i f t  i n  t h e  p o s i t i o n  o f  t h e i r  d o u b l e  b o n d s ,  when 
p e r o x i d i z e d  (Logani  and D a v i e s ,  1980) .  The r e s u l t a n t  c o n j u g a t e d  d i e n e s  
and t r i e n e s  have i n t e n s e  o p t i c a l  a b s o r p t i o n s  a t  233 nra and 288 nm
r e s p e c t i v e l y ,  which can  be d e t e c t e d ,  u s i n g  UV s p e c t r o p h o t o m e t r y  (Cawood 
e t  a l , 1 9 84 ) .  The d e t e c t i o n  o f  l i p i d  p e r o x i d a t i o n  i n  b i o l o g i c a l  s a m p le s ,  
by t h i s  method has  the  d i s a d v a n t a g e  o f  b e i n g  r e l a t i v e l y  n o n - s p e c i f i c  
(Recknage l  and Ghosha l ,  1966) .
F l u o r e s c e n c e :  Secondary  c a r b o n y l s ,  p roduced  by l i p i d  p e r o x i d a t i o n ,  r e a c t
w i t h  amino a c i d s  to  form c o n j u g a t e d  S c h i f f  b a s e s ,  which  have
c h a r a c t e r i s t i c  o p t i c a l  a b s o r p t i o n s  and f l u o r e s c e n c e  ( G u t t e r i d g e  e t  a l , 
1982) .  L i p i d  p e r o x i d a t i o n  i n  b i o l o g i c a l  sy s te m s  can th u s  be  q u a n t i f i e d  
u s i n g  f l u o r e s c e n t  a n a l y s i s  ( T a p p e l ,  1975;  Wickens e t  a l , 1 9 8 1 ) .  L i p i d  
p e r o x i d a t i o n  i n  v i v o  can be a s s e s s e d  by s t u d y i n g  t h e  a u t o f l u o r e s c e n c e  o f  
c e r o i d  and l i p o f u s c i n  p igments  i n  h i s t o l o g i c a l  s e c t i o n s  o f  t i s s u e ,  u s i n g  
f l u o r e s c e n c e  m ic ro sc o p y  ( G e d i g t ,  1969; T a p p e l ,  1980;  C h a p t e r s  2 and 3 ) .
D i r e c t  d e t e c t i o n  o f  h y d r o p e r o x i d e s :  H y d r o p e r o x i d e s  can  be d e t e r m i n e d
d i r e c t l y ,  by an i o d o m e t r i c  a s s a y  ( P r y o r  and C a s t l e ,  1 9 8 4 ) .  I o d i d e  i s
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FIG. 1 . 4  -  Summary o f  t h e  D i r e c t  and I n d i r e c t  Methods
A v a i l a b l e  f o r  t h e  D e t e c t i o n  and Measurement  o f  
L i p i d  P e r o x i d a t i o n .
( f r o m  G u t t e r i d g e  and S t o c k s ,  1981)
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i n a t i o n  o f  l i p o p e r o x i d e s , a r e  g e n e r a l l y  s e n s i t i v e  and c o m p a r a t i v e l y  
s p e c i f i c .  The p e r o x i d a s e  methods  have  th e  a d v a n ta g e  o f  d e t e r m i n i n g  on ly  
h y d r o p e r o x i d e s  and e n d o p e r o x i d e s , such as  p r o s t a g l a n d i n  a r e  no t
s u b s t r a t e s  f o r  p e r o x i d a s e s  ( C a t h c a r t  e t  a l , 1983;  P r y o r  and C a s t l e ,  
1984) .  Assays t h a t  e s t i m a t e  h y d r o p e r o x i d e  c o n c e n t r a t i o n s  i n  b i o l o g i c a l  
samples  m us t ,  however ,  i n c l u d e  r i g o r o u s  c o n t r o l s  and p r e c a u t i o n s  to  
p r e c l u d e  v a r i o u s  s o u r c e s  o f  i n t e r f e r e n c e ,  such  as  h y d r o p e r o x i d e  d e g r a d ­
a t i o n  by t r a n s i t i o n  m e t a l s ,  t h i o l s  o r  endogenous p e r o x i d a s e s  ( S l a t e r ,  
1984) .
C hrom atog raph ic  t e c h n i q u e s :  L i p i d  p e r o x i d a t i o n  i n  i n  v i t r o  sy s te m s  can
be m o n i to re d  b y d e t e r m i n i n g  the  l o s s  o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s  
(PUFA), u s i n g  gas  l i q u i d  ch rom a tog raphy  (GLC). The l o s s  i n  t h e  amount  of  
PUFA i n  the  p e r o x i d i z e d  l i p i d  i s  d e t e r m i n e d  by com par i son  w i t h  t h e  PUFA 
c o n c e n t r a t i o n  b e f o r e  o x i d a t i o n  (May and McCay, 1968) .
S h o r t - c h a i n ,  s a t u r a t e d  h y d r o c a r b o n  g a s e s  a r e  p roduced  d u r i n g  l i p i d  
p e r o x i d a t i o n  i n  b i o l o g i c a l  sys tem s  (Cohen,  1979) .  P e n t a n e  and e t h a n e ,  f o r  
example,  p r o b a b l y  o r i g i n a t e  f rom t h e  d e c o m p o s i t i o n  o f  C O -6 - and 
C J-3 -h y d ro p e ro x id e s  r e s p e c t i v e l y  (Bus and G ibson ,  1979; f i g u r e  1 . 5 ) .  
Measurement  o f  e x h a l e d  h y d r o c a r b o n s  by GLC, has  e n a b le d  n o n i n v a s i v e  
m o n i t o r i n g  o f  i n  v i v o  l i p i d  p e r o x i d a t i o n  (Lawrence and Cohen,  1984;  see  
e a r l i e r ) .  L i p i d  p e r o x i d a t i o n  i n  v i t r o  can  a l s o  be m o n i t o r e d  by a s s a y  o f  
h y r o c a r b o n  g a s e s  (Cohen,  1979;  M u l l e r  and S i e s ,  1984) .
A ld e h y d e s ,  and o t h e r  c a r b o n y l  compounds,  p roduced  d u r i n g  t h e  p e r o x -  
i d a t i v e  d e g r a d a t i o n  o f  l i p i d  bioraerabranes, can  be i s o l a t e d  to  q u a n t i f y  
l i p i d  p e r o x i d a t i o n  ( f i g .  1 . 4 ) .  H y d r o x y - a l d e h y d e s , f o r  exam ple ,  can  be 
d e r i v a t i z e d  w i t h  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  i n t o  t h e i r  c o r r e s p o n d i n g  
h y d raz o n e  d e r i v a t i v e s  to  e n a b l e  t h e i r  s e p a r a t i o n  from complex c a r b o n y l  
m i x t u r e s ,  r e s u l t i n g  from p e r o x i d a t i o n  ( E s t e r b a u e r ,  1982) .  The a l d e h y d e s
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FIG. 1 .5  -  P r o d u c t i o n  o f  P e n t a n e  by I r o n - c a t a l y s e d  Decompo­
s i t i o n  o f  0) - 6- h y d r o p e r o x i d e s .
a r e  s e p a r a t e d  i n t o  t h e i r  i n d i v i d u a l  c a r b o n y l  c l a s s e s ,  u s i n g  a c o m b i n a t i o n  
o f  t h i n  l a y e r  c h rom a tography  (TLC) and h i g h  pe r f o r m a n c e  l i q u i d  chrom­
a t o g r a p h y  (HPLC). The h yd raz one  d e r i v a t i v e s  have  c h a r a c t e r i s t i c  UV
a b s o p t i o n  s p e c t r a ,  and thus  may be a p p l i e d  to  a s s a y  t h e  i n d i v i d u a l
a ld e h y d e s  ( E s t e r b a u e r ,  1982) .
Hydroxy f a t t y  a c i d s  a r e  b e l i e v e d  to  be formed i n  b i o l o g i c a l  t i s s u e s ,  
by enzymic c o n v e r s i o n  o f  l i p o p e r o x i d e s  d u r i n g  t h e  i n i t i a l  s t a g e s  o f  t h e  
l i p i d  p e r o x i d a t i o n  c a s c a d e  ( S l a t e r ,  1984) .  These hydroxy  f a t t y  a c i d s  have  
been  s e p a r a t e d  by HPLC, and used to  e s t i m a t e  l i p i d  p e r o x i d a t i o n  
( C a p d e v i l a  e t  a l , 1982) .  H y d ro x y la t e d  d e r i v a t i v e s  o f  u n s a t u r a t e d  f a t t y
a c i d s  o f  p e r o x i d i z e d  murine  l i v e r  p h o s p h a t i d y l c h o l i n e s  ha v e  been  
d e t e c t e d ,  u s i n g  HPLC and GLC mass s p e c t r o m e t r y  (Hughes e t  a l , 1 9 8 3 ) .
C h rom atog raph ic  methods ,  u s i n g  the  a v a i l a b l e  t e c h n o l o g y ,  to  
d e t e r m i n e  v a r i o u s  c a r b o n y l s  r e s u l t i n g  from l i p i d  p e r o x i d a t i o n ,  a r e ,  
however ,  t im e-consum ing  and complex to  pe r fo rm  ( S l a t e r ,  1 9 8 4 ) .  These  
m e t h o d o lo g i e s  thus  have  no t  y e t  become r o u t i n e  means o f  e s t i m a t i n g  l i p i d  
p e r o x i d a t i o n  i n  b i o l o g i c a l  s am p les .
Measurement  o f  m a l o n d ia l d e h y d e :  C y c l i c  e n d o p e r o x i d e s , formed by t h e
a u t o x i d a t i o n  o f  PUFA c o n t a i n i n g  3 o r  more m e t h y l e n e - i n t e r r u p t e d  d o u b le  
bonds ( n o t a b l y  a r a c h i d o n i c  a c i d ) ,  a r e  c l e a v e d  to  p roduce  m a l o n d i a l d e h y d e  
(m a lo n a ld e h y d e ,  m a l o n y l d i a l d e h y d e ; P r y o r  e t  a l , 1976b;  E s t e r b a u e r ,  1982;  
f i g .  1 . 6 ) .  The d e t e r m i n a t i o n  o f  m a lo n d ia ld e h y d e  has  been  u s e d  e x t e n s i v e l y  
t o  d e t e c t  o x i d a t i v e  r a n c i d i t y  o f  foods t h a t  have  h i g h  l i p i d  c o n t e n t s ,  and 
to  m easu re  o x i d a t i v e  changes i n  b i o l o g i c a l  m a t e r i a l s  ( B i r d  and D r a p e r ,  
1984; H a l l i w e l l  and G u t t e r i d g e ,  1985) .  M a lo n d ia ld e h y d e  has  b e e n  r e p o r t e d  
a l s o  to  be produced  by t h e  e i c o s a n o i d  c a s c a d e ,  and by f r e e - r a d i c a l  damage 
t o  amino a c i d s ,  c a r b o h y d r a t e s  and n u c l e i c  a c i d s  ( G u t t e r i d g e ,  1 9 8 2 a ) .
M a lo n d ia ld e h y d e  e x i s t s  in  b i o l o g i c a l  c e l l s  a s  a f r e e  fo rm ,  o r  as
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FIG. 1 .6  -  C leavage  o f  C y c l i c  E n d o p e r o x id e s  Group t o  Form 
M a lo n d ia ld e h y d e .
c o m p le x es ,  such  as  l i p o f u s c i n ,  w i t h  v a r i o u s  t i s s u e  components  (Buege and 
A u s t ,  1977;  B i r d  and D r a p e r ,  1984) .  M a lo n d ia ld e h y d e  has  been  r e p o r t e d  to  
be m e t a b o l i z e d  m o s t l y  by m i t o c h o n d r i a l  a l d e h y d e  d e h y d ro g e n a s e s  to a 
s e m i a ld e h y d e ,  fo l low e d  by d e c a r b o x y l a t i o n  to  a c e t a t e  and CO^ ( S iu  and 
D r a p e r ,  1982 ) .  F re e  m a l o n d ia l d e h y d e  can be q u a n t i f i e d  by i t s  UV
a b s o r p t i o n ,  a t  a c id  pH, by p o l a r o g r a p h y , and by HPLC s e p a r a t i o n  (B i rd  and 
D r a p e r ,  1984; E s t e r b a u e r  e t  a l , 1984)
The most  w id e ly  ad o p te d  method to  e s t i m a t e  l i p i d  p e r o x i d a t i o n  i s  
b a s e d  upon t h e  r e a c t i o n  be tw een  m a l o n d ia l d e h y d e  and 2 - t h i o b a r b i t u r i c  a c id  
(TBA), u n d e r  a c i d i c  c o n d i t i o n s ,  t o  form a c h rom agen ic  a d d u c t  ( G u t t e r i d g e  
and S t o c k s ,  1976;  Ohkawa e t  a l , 1979;  B i rd  and D r a p e r ,  1984;  f i g .  1 . 7 ) .  
Th is  r e a c t i o n  p r o d u c t  i s  a p i n k - r e d  c r y s t a l l i n e  s u b s t a n c e ,  which  has an 
o p t i c a l  a b s o r p t i o n  maximum o f  532-535 nm, and a f l u o r e s c e n c e  spec t rum
w i t h  an e x c i t a t i o n  maximum a t  532 nm and e m i s s i o n  maximum o f  553 nm 
( Y a g i ,  1976;  B i rd  and D ra p e r ,  .1984) .  The c o n c e n t r a t i o n  o f  t h e  TBA- 
r e a c t i v e  p r o d u c t  i s  d e t e r m i n e d  by c o m p a r i s o n  w i t h  the  r e a c t i o n  of  
m a l o n d i a l d e h y d e  s t a n d a r d s ,  p roduced  by h e a t i n g  1 , 1 , 3 , 3- t e t r a e t h o x y p r o p a n e  
o r  1 , 1 , 3 , 3 -  t e t r a m e th o x y p r o p a n e  ( m a lona lde hyde  b i s d i m e t h y l  a c e t a l ) ,  a t  
a c i d  pH. The c om ple te  h y d r o l y s i s  o f  one m o l e c u l e  o f  t e t r a m e th o x y p r o p a n e  
p r o d u c e s  one m o le c u le  o f  m a l o n d ia l d e h y d e  and f o u r  m o l e c u l e s  o f  m ethano l  
( G u t t e r i d g e ,  1982a ) .
The p r o c e d u r e  to  m o n i t o r  l i p i d  p e r o x i d a t i o n  i n  b i o l o g i c a l  m a t e r i a l s ,  
by d e t e r m i n i n g  r e a c t i v i t y  w i th  TBA ( o f t e n  r e f e r r e d  to  as  the  TBA method 
o r  TBA t e s t ) ,  ha s  been employed in  s e v e r a l  d i f f e r e n t  ways and w i th  a 
v a r i e t y  o f  d i f f e r e n t  a c i d i f y i n g  r e a g e n t s  (Uchiyama and M ih a r a ,  1978; 
G u t t e r i d g e ,  1982a;  S l a t e r ,  1984) .  The most  u s u a l  p r o c e d u r e  h a s  been  to 
mix t i s s u e  sam ples  w i th  an a c i d  p r e c i p i t a n t ,  such  as  t r i c l o r o a c e t i c  a c id
(TCA): t h e  m i x t u r e  i s  t h e n  c e n t r i f u g e d ;  and t h e  s u p e r n a t a n t  i s  u sed  f o r
th e  r e a c t i o n  w i t h  TBA ( S l a t e r ,  1984) .  Th is  method i s  u sed  to  a s c e r t a i n
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FIG. 1 .7  -  R e a c t i o n  o f  M a lo n d ia ld e h y d e  w i t h  T h i o b a r b i t u r i c  A c id .
t h e  c o n c e n t r a t i o n  o f  f r e e  m a l o n d ia l d e h y d e  i n  a  b i o l o g i c a l  sam ple .  An 
a l t e r n a t i v e  method d e t e r m i n e s  t h e  c o n c e n t r a t i o n  o f  T B A - r e a c t a n t s  i n  the  
p r e c i p i t a t e  ( S a to h ,  1 9 76 ) ,  whereas  o t h e r  p r o c e d u r e s  u s e  a c i d i f i e d  horaog- 
e n a t e s  f o r  t h e  TBA r e a c t i o n  (Uchiyama and M ih a ra ,  1978;  Ohkawa £ t  a l , 
1979 ) .  With a s s a y s  t h a t  employ e i t h e r  t h e  p r e c i p i t a t e  o r  n o n - a c i d  
p r e c i p i t a n t - t r e a t e d  s a m p le s ,  most  o f  the  m a l o n d i a l d e h y d e ,  d e t e c t e d  by the  
TBA r e a c t i o n ,  i s  p roduced  by e n d o p e r o x i d e s  which b r e a k  down d u r i n g  the  
a c i d - h e a t i n g  c o n d i t i o n s  o f  the  r e a c t i o n  ( G u t t e r i d g e ,  1 9 8 2 a ) .  TBA t e s t s ,  
u s i n g  homogenates  o r  a c i d - p r e c i p i t a t e s , t h u s  d e t e r m i n e  t h e  c o n c e n t r a t i o n s  
o f  c o m p a r a t i v e l y  s t a b l e  p e r o x i d i c  p r e c u r s o r s .  These t e s t s  a r e  p o s s i b l y  
more a c c u r a t e  i n d i c a t o r s  o f  l i p i d  p e r o x i d a t i o n  t h a n  a s s a y  p r o c e d u r e s  
u s i n g  the  a c i d - s o l u b l e  components  o f  t i s s u e s ,  as  f r e e  m a l o n d i a l d e h y d e  in  
b i o l o g i c a l  sys tems  i s  r a p i d l y  m e t a b o l i z e d  ( B a r b e r  and Bernhe im,  1967;  Siu 
and D r a p e r ,  1982) .  S t u d i e s  o f  m ic rosom al  p e r o x i d a t i o n  have  shown t h a t  the  
p r o d u c t i o n  o f  e t h a n e ,  b u t  no t  p e n t a n e ,  c o r r e l a t e s  w i t h  t h a t  o f  TBA- 
r e a c t i v e  m a t e r i a l .  E tha ne  can be d e t e c t e d  t o  pmol l e v e l  and T B A - r e a c t i v e  
s u b s t a n c e s  on ly  to  nmol c o n c e n t r a t i o n s ,  b u t  t h e  s t o i c h i o m e t r y  o f  the  
p e r o x i d a t i o n  r e a c t i o n  i s  2200 m o le c u le s  o f  m a l o n d ia l d e h y d e  f o r  e v e ry  
e t h a n e ,  so the  measurement  o f  e i t h e r  s u b s t a n c e  a f f o r d s  a s i m i l a r  
s e n s i t i v i t y  (Wendel and R e i t e r ,  1984) .
C hem iluminescence :  The e m i s s io n  o f  l i g h t  f rom c h e m i c a l  r e a c t i o n s ,  a t
n o n - e x t r e m e  t e m p e r a t u r e s ,  i s  termed  c h e m i lu m in e s c e n c e  (T horpe  e t  a l , 
1 9 82 ) .  C hem iluminescen t  r e a c t i o n s  y i e l d  an e l e c t r o n i c a l l y  e x c i t e d  p r o d u c t  
o r  i n t e r m e d i a t e ,  which can  e i t h e r  r e l e a s e  e n e rg y  i n  t h e  form o f  l i g h t ,  o r  
w i l l  t r a n s f e r  i t s  en e rg y  to  a n o t h e r  m o l e c u l e ,  which  t h e n  r a d i a t e s  l i g h t  
( f i g .  1 . 8 ) .  The e n e rg y  r e l e a s e d ,  d u r i n g  c h e m i lu m in e s c e n c e ,  must  be 
s u f f i c i e n t  to  p roduce  l i g h t  q u a n t a ,  t h a t  i s  a t  l e a s t  40 k c a l / m o l  ( L loyd ,  
1 9 8 2 ) .  Chemi l u m i n e s c e n t  r e a c t i o n s  a r e  t h e r e f o r e  c o m p a r a t i v e l y  uncommon: 
c h e m i c a l  e n e rg y  i s  more u s u a l l y  d i s s i p a t e d  i n  t h e  form o f  h e a t  (Thorpe  et
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FIG. 1 .8  -  C hem i lum inescence .
a l , 1982 ) .  Most c h em i lum inescence  r e a c t i o n s  a r e  t hus  o x i d a t i o n s ,  in  
which l a r g e  amounts o f  e n e rg y  a r e  g e n e r a l l y  t r a n s f e r r e d  (R a u h u t ,  1979) .
The d e c o m p o s i t i o n  o f  h y d r o p e r o x i d e s  y i e l d s  c a r b o n y l  p r o d u c t s  i n  an 
e x c i t e d  t r i p l e t  s t a t e ,  and s i n g l e t  oxygen ( K r i n s k y ,  1979;  R a u h u t ,  1979;
f i g .  1 . 3 ) .  The e m i s s io n  o f  l i g h t  f rom t h e s e  e x c i t e d  s p e c i e s  ( l o w - l e v e l
c h e m i lu m in e s c e n c e )  can be q u a n t i t a t e d  to  m o n i t o r  l i p i d  p e r o x i d a t i o n
(Cadenas  and S i e s ,  1984; B o v e r i s  e t  a l , 1 9 8 1 ) : -
2 R2CHOO* -----------► R2C=0 + R2COH + l 0 + H+
s e c o n d a r y  pe roxy  r a d i c a l  
( l i p i d  pe roxy  r a d i c a l )
S i n g l e t  oxygen,  when d e c a y in g  to  the  t r i p l e t  ground s t a t e ,  em i t s  
l i g h t  a t  634 nm and 703 nm (diraol  e m i s s i o n ) : -
l °2 + ° 2   ^  2 3° 2  + LIGHT ( 6 3 4 > 703 nm)*
S i n g l e t  oxygen can  a l s o  de c ay  to  p roduce  monoraol l i g h t  e m i s s i o n : -
10 2  >  30 2 + LIGHT (1268,  1406 nm)
The decay  o f  s e co n d a ry  pe roxy  r a d i c a l s  g e n e r a t e s  e x c i t e d  c a r b o n y l  
s p e c i e s ,  which emit  l i g h t  a t  be tw een  380 and 460 nm (R a u h u t ,  1979; 
B o v e r i s  e t  a l , 1981;  Cadenas and S i e s ,  1984;  f i g .  1 . 9 ) .  E x c i t e d  c a r b o n y l  
g roups  have  a l s o  been r e p o r t e d  to  be p roduced  from th e  r e a c t i o n  be tw een  
^02 and s u b s t i t u t e d  u n s a t u r a t e d  l i p i d s  ( B o v e r i s  e t  a l , 1 9 8 1 ) : -
0-0
! I I  *
R2 C=CR2 + 0 2  ► R2C“ CR2  ^  R2C0 + R2C0
d i o x e t a n e  e x c i t e d
i n t e r m e d i a t e  c a r b o n y l
E x c i t e d  c a r b o n y l s  have been  p o s t u l a t e d  to  be quenched by m o l e c u l a r
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FIG. 1 .9  -  Chem iluminescence  T e r m i n a t i o n  S t e p  f o r  S e c o n d a ry  
Peroxy  R a d i c a l s .
oxygen to  p roduce  s i n g l e t  oxygen (Cadenas e t  a l , 1 9 8 1 ) : -
r 2 co* + o2 --------► r 2o + 1o2
The d e t e c t i o n  o f  l i g h t ,  e m i t t e d  d u r i n g  t h e  d e g r a d a t i o n  o f  l i p o -  
p e r o x i d e s ,  can be used  as  a method to  m o n i t o r  l i p i d  p e r o x i d a t i o n  ( B o v e r i s  
e t  a l , 1981; K r i c k a  and Thorpe ,  1983) .  The c h e m i lu m in e s c e n c e ,  e m i t t e d  
from p e r o x i d i z i n g  l i v e r  mic rosomes h a s  been  r e p o r t e d  t o  c o r r e l a t e  w i th  
m a lo n d ia ld e h y d e  f o r m a t i o n ,  d e t e c t e d  u s i n g  the  TBA t e s t  (W r igh t  e t  a l ,
1979) .  I n  s t u d i e s  to  e v a l u a t e  v a r i o u s  methods to  c h a r a c t e r i z e  l i p i d  
p e r o x i d a t i o n  in  i s o l a t e d  h e p a t o c y t e s ,  m easurem ents  o f  e x p i r e d  a l k a n e s ,  
m a lo n d ia ld e h y d e  p r o d u c t i o n ,  f l u o r e s c e n c e  and c h e m i lu m in e s c e n c e  were a l l  
found to  c o r r e l a t e  (Smi th  e t  a l , 1982) .  Chem i lum inescence  d e t e c t i o n  has  
a l s o  been  r e p o r t e d  to  be one o f  t h e  most  s e n s i t i v e  means t o  m easu re  l i p i d  
p e r o x i d a t i o n  (Smi th  e t  a l , 1982) .
The l i g h t  e m i s s i o n  from b i o l o g i c a l  o x i d a t i o n s  i s  t e rm ed  low l e v e l  o r  
u l t r a w e a k  c h e m i lu m in e sc e n ce  ( B o v e r i s  e t  a l , 1981 ) .  Chem i lum inescence  i s  
d e t e c t e d  u s i n g  p h o t o m u l t i p l i e r s  o f  s u i t a b l e  s e n s i t i v i t y ,  and w i th  
s u f f i c i e n t  s p e c t r a l  r a n g e  f o r  the  w a v e le n g th s  o f  l i g h t  e m i t t e d .  Chemi­
l u m in es c e n c e  i s  g e n e r a l l y  e x p r e s s e d  as  c o u n t s / s e c .  The r e p r o d u c i b i l i t y  o f
the  method has  been  r e p o r t e d  to  be a p p r e c i a b l y  good (Cadenas  and S i e s ,  
1984) .
Luminol  ( 5 - a m i n o - 2 , 3 - d i h y d r o - l , 4 - p h t h a l a z i n e d i o n e )  i s  o x i d i z e d  by 
a c t i v e  oxygen i n t e r m e d i a t e s  to  t h e  a m i n o p h t h a l a t e  a n i o n ,  which  e m i t s  
l i g h t  a t  a round 450 nm, upon r e l a x a t i o n  to  t h e  t r i p l e t  g round  s t a t e  
(Cadenas and S i e s ,  1984) .  Luminol can thus  be u sed  t o  a m p l i f y  chemi­
l u m in es c e n c e  due to  anc* as a n o n - s p e c i f i c  method to  d e t e c t  t h e
g e n e r a t i o n  o f  o t h e r  r e a c t i v e  oxygen m e t a b o l i t e s  ( C h a p t e r  4 ) .
D e t e r m i n a t i o n  o f  i n  v i v o  l i p i d  p e r o x i d a t i o n :  L i p i d  p e r o x i d a t i o n  can be
s t u d i e d  i n  v i v o , by a s s a y i n g  a l k a n e s  i n  t h e  e x h a l e d  b r e a t h  (Cohen,
1979) .  P r e c a u t i o n s  have to  be t a k e n ,  however-, t o  a c c o u n t  f o r  t h e  p o s s i b l e  
i n f l u e n c e  o f  m i c r o b i a l  f l o r a  i n  t h e  d i g e s t i v e  t r a c t  ( S l a t e r ,  1984) .  The 
s i t e  o f  l i p i d  p e r o x i d a t i o n  ca n n o t  be l o c a t e d  by t h i s  t e c h n i q u e  (Lawrence 
and Cohen,  1984) .
The c he m i lum ine sc e nce ,  a s s o c i a t e d  w i t h  l i p i d  p e r o x i d a t i o n ,  can be 
m easu red  in  exposed o rgans  o f  a n a e s t h e t i z e d  a n im a ls  ( B o v e r i s  e t  a l ,
1 9 80 ) .  The c hem i lum inescence  o f  human b r e a t h  samples  h a s  been  p o s t u l a t e d  
to  r e p r e s e n t  pulmonary p e r o x i d e  e x c r e t i o n  due to  h y p e r o x i c  s t r e s s  
( W i l l i a m s  and Chance, 1983) .
A l i m i t e d  a s s e s s m e n t  o f  l i p i d  p e r o x i d a t i o n  i n  v i v o  can  be a c h i e v e d  
by d e t e r m i n i n g  the  c o n c e n t r a t i o n s  o f  the  more s t a b l e  p r o d u c t s  o f  l i p i d  
p e r o x i d a t i o n  i n  s u i t a b l e  t i s s u e s ,  t a k e n  from e x p e r i m e n t a l  a n i m a l s ,  a f t e r  
t h e y  have  been  k i l l e d .  I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  t h e s e  t y p e s  of  
s t u d y  a r e  c o m p l i c a t e d  due to  m e t a b o l i s m  o f  l i p i d  p e r o x i d a t i o n  p r o d u c t s  i n  
v i v o , and t h e i r  p o s s i b l e  p o s t  mortem d e g r a d a t i o n  o r  p r o d u c t i o n .
A u t o x i d a t i v e  damage and c a n c e r
D e l e t e r i o u s  o x i d a t i o n  r e a c t i o n s  ( f o r  exam ple ,  l i p i d  p e r o x i d a t i o n )  may 
be s i g n i f i c a n t  i n  the  i n i t i a t i o n  and p o s s i b l y  t h e  p r o g r e s s i o n  o f  many 
t y p e s  o f  c a n c e r s  ( A p f f e l ,  1976; Demopoulos e t  a l , 1980;  Ames, 1983; 
C e r u t t i ,  1985) .
C a r c i n o g e n e s i s : The compar ison  o f  s e r a  f rom human s u b j e c t s  i n  whom
c a n c e r  dev e lo p e d  in  the  f o l l o w i n g  few y e a r s  w i t h  t h a t  o f  c a n c e r - f r e e  
s u b j e c t s  has  shown t h a t  t h e r e  i s  a  g r e a t e r  i n c i d e n c e  o f  m a l i g n a n t  d i s e a s e  
i n  t h o s e  who have  below a v e ra g e  l e v e l s  o f  . a n t i o x i d a n t s  ( W i l l e t t  e t  a l , 
1984)   ^ O th e r  e p i d e m i o l o g i c a l  s t u d i e s  have  i n d i c a t e d  t h a t  t h e r e  i s  a 
n e g a t i v e  c o r r e l a t i o n  between  serum s e l e n i u m  c o n c e n t r a t i o n  and th e  
i n c i d e n c e  o f  c a n c e r  (Robinson  e t  a l , 1979;  C l a r k ,  1985 ) .  The d i e t a r y
s u p p l e m e n t a t i o n  o f  a n t i o x i d a n t s ,  such as  v i t a m i n  E and s e l e n i u m ,  have 
been  shown to  d e c r e a s e  t h e  i n c i d e n c e  o f  tumours  i n  a n i m a l s ,  t r e a t e d  w i t h  
c a r c i n o g e n s  (Demopoulos e t  a l , 1980; V e r n i e ,  1984; I p ,  1 9 85 ) .  I t  has  been  
r e p o r t e d  t h a t  v i t a m i n  E, though i n e f f e c t i v e  on i t s  own, p o t e n t i a t e s  the  
i n h i b i t o r y  e f f e c t  o f  s e l e n i u m  upon th e  deve lo pm en t  o f  c h e m i c a l l y - i n d u c e d  
mammary tumours  i n  r a t s  (H orva th  and I p ,  1983) .  The c a n c e r  i n h i b i t o r y  
e f f e c t s  o f  t h e  a n t i o x i d a n t  v i t a m i n s  and s e l e n i u m  may however  be due to  
mechan isms,  such as  the  a l t e r a t i o n  o f  enzymes i n v o l v e d  i n  t h e  m e ta b o l i s m  
o f  c a r c i n o g e n s ,  r a t h e r  t han  t h e i r  a b i l i t y  to  d e t o x i c a t e  f r e e  r a d i c a l s  
( M i l n e r ,  1986) .
I t  h a s  been r e p o r t e d  t h a t  p a r a q u a t  can c a u se  m u t a t i o n s  i n  S a l m o n e l l a  
typh im urium and t h a t  the  m u t a g e n i c i t y  o f  p a r a q u a t  was i n v e r s e l y  r e l a t e d  
to the  s u p e r o x i d e  d i s r a u ta s e  a c t i v i t y  o f  t h e s e  b a c t e r i a  (Moody and H assan ,  
1982) .  The d i e t a r y  i n t a k e  o f  PUFA can enhance  t h e  c o n c e n t r a t i o n  o f  TBA- 
r e a c t i v e  m a t e r i a l ,  and s u b s e q u e n t  i n c i d e n c e  o f  tumours  i n  mice exposed  to  
u l t r a v i o l e t  r a d i a t i o n  (B lack  e t  a l , 1985) .  I t  ha s  b e e n  o b s e rv e d  t h a t  
m a l o n d ia l d e h y d e  i n c r e a s e s  the  i n c i d e n c e  o f  s k i n  tumours  in  mice 
(Shamberger  e t  a l , 1974) .  The t o p i c a l  a p p l i c a t i o n  o f  t h e  c a r c i n o g e n ,  
7 , 1 2 - d i m e t h y l b e n z ( a ) a n t h r a c e n e  to  the  s k i n  o f  m ic e ,  has  b e e n  d e m o n s t r a t e d  
to  c a u s e  an i n c r e a s e  i n  e p id e r m a l  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  
(Sham berger ,  1972) .  The f r e e  r a d i c a l  g e n e r a t o r ,  b e n z o y l  p e r o x i d e ,  has  
been  r e p o r t e d  to  promote t h e  p r o g r e s s i o n  o f  b e n i g n  tumours  on mouse s k i n  
i n t o  m a l i g n a n t  tumors  (O 'C o n n e l l  e t  a l , 1986) .  Tumour p r o m o t e r s  have  been  
shown to  enhance  l i p i d  p e r o x i d a t i o n  i n  m urine  s k i n  (Logan i  e t  a l , 1982) .
Many c a r c i n o g e n s  form f r e e  r a d i c a l  m e t a b o l i t e s  (Demopoulos e t  a l , 
1980; Mason e t  a l , 1982) .  I t  has  been h y p o t h e s i s e d  t h a t  c a r c i n o g e n i c  
a r o m a t i c  amines a r e  c o n v e r t e d  by th e  l i v e r  i n  to  n i t r o x i d e s  which e n t e r  
i n t o  a  f r e e  r a d i c a l - m e d i a t e d  redox  c y c l e  ( S t i e r  e t  a l , 1 9 80 ) .  B e n z o ( a ) -  
py rene  i s  p r o b a b l y  a c t i v a t e d  in  t h e  l i v e r  by c y tochrom e  P443  to  t i^e
c a r c i n o g e n ,  7 , 8 - e p o x i d e ,  a g e n e r a t o r  o f  r e a c t i v e  oxygen s p e c i e s  (Pa rke  
and I o a n n i d e s ,  1984a;  s e e  e a r l i e r ) .
F r e e  r a d i c a l  p r o d u c t i o n  i n  v i t r o :  A few i n v e s t i g a t o r s  have  r e p o r t e d  t h a t
n e o p l a s t i c  t i s s u e s  can  p roduce  r e a c t i v e  oxygen s p e c i e s  i n  v i t r o , b u t  
u s u a l l y  to  a  l e s s e r  e x t e n t  th a n  normal  t i s s u e s .  M i t o c h o n d r i a l  membrane 
fragment 's f rom E h r l i c h  a s c i t e s  tumours ,  H6-hepa tom a s  and M o r r i s  hepa tomas  
have  been  shown to  p ro d u ce  a p p r e c i a b l e  s w perox ide  ( D i o n i s i  e t  a l , 1975; 
O b e r le y  e t  a l , 1982) .  The s low -grow ing  M orr i s  hepa toma has  b e e n  o b s e rv e d  
to  have  g r e a t l y  d e c r e a s e d  Mn-SOD a c t i v i t y  b u t  a c a p a c i t y  to  g e n e r a t e  *0^ 
a t  a r a t e  comparab le  t o  t h a t  o f  normal  r a t  l i v e r  ( O b e r l e y  e t  a l , 1981) .  
The NADPH-stimulated p r o d u c t i o n  o f  by human r e n a l  a d e n o ca rc in o m a
t i s s u e  h a s ,  however ,  been  r e p o r t e d  to  be c o n s i d e r a b l y  l e s s  t h a n  t h a t  by 
normal  human k id n e y  (Wickramas inghe  e t  a l , 1976) .  N u c l e a r  membranes from 
r o d e n t  tumours  have  a l s o  been  obse rved  to  be a b l e  to  p r o d u c e  *0 ^ i n
v i t r o  ( B a r t o l i  e t  a l , 1977;  P e s k i n  e t  a l , 1980) .
The c o n c e n t r a t i o n s  o f  the  m e t a b o l i t e s  o f  l i p i d  p e r o x i d a t i o n  in
tumour t i s s u e s ,  and t h e  s u c e p t i b i l i t y  o f  n e o p l a s t i c  t i s s u e s  to  unde rgo  
l i p i d  p e r o x i d a t i o n ,  have  g e n e r a l l y  been r e p o r t e d  to  be  c o n s i d e r a b l y  l e s s  
than  t h a t ,  d e t e r m i n e d  f o r  comparab le  normal  t i s s u e s  ( T h i e l e  and H u f f ,  
1960; L ash ,  1966; P l a y e r  e t  a l , 1979; B a r t o l i  and G a l e o t t i ,  1979;  Ahmed 
and S l a t e r ,  1981;  R o s s i  and C e c c h i n i ,  1983) .  O x id i z e d  m e th y l  l i n o l e n a t e  
has  been  o b s e rv e d  to  i n h i b i t  c e l l  d i v i s i o n  (W i lbur  e t  a l , 1 9 5 4 ) .  Many o f  
th e  o x i d a t i o n  p r o d u c t s  o f  PUFA, have been  r e p o r t e d  t o  i n h i b i t  t h e  m etab ­
o l i s m  and growth  o f  tumour c e l l s  ( S h u s t e r ,  1955;  D i a n z a n i ,  1982;
S c h a u e n s t e i n ,  1982) .  I t  has  been  s u g g e s t e d  t h a t  an i n c r e a s e  i n  the  
a b i l i t y  to  d e t o x i c a t e  f r e e  r a d i c a l s  may promote c e l l  m u l t i p l i c a t i o n  
(B u r la k o v a  and P a l ' m i n a ,  1967) .  I t  has  a l s o  been  h y p o t h e s i s e d  t h a t  
n e o p l a s i a  i s  a d i r e c t  consequence  o f  e x c e s s i v e l y  h i g h  c e l l u l a r  concen ­
t r a t i o n  o f  a n t i o x i d a n t s  o r  an e x t r e m e l y  low p r o p e n s i t y  to  p r o d u c e  r a d i c a l
s p e c i e s  (Duchesne ,  1977;  S z e n t - G y o r g y i ,  1977) .
T he re  ha ve ,  however ,  been  r e p o r t s  o f  tumours  which have  g r e a t e r  
l i p o p e r o x i d e  c o n c e n t r a t i o n s  t han  c o m p a r a t i v e  normal  t i s s u e s :  human
g a s t r i c  c a n c e r s  and c o lo n  c a n c e r s  ha v e ,  f o r  example been  r e p o r t e d  to  have 
i n c r e a s e d  c o n c e n t r a t i o n s  o f  T B A - re a c t iv e  m a t e r i a l  and d i e n e  c o n j u g a t e s  
(Baur  and Wendel ,  1980; V a i n s h t e i n  and Z v e r s h k h a n o v s k i i ,  1984) .
R a d i c a l  p r o d u c t i o n  i n  v i v o :  Although  t h e r e  i s  e v i d e n c e  t h a t  a t  l e a s t
some t y p e s  o f  n e o p l a s t i c  t r a n s f o r m a t i o n s  can  be i n i t i a t e d  by f r e e  r a d i c a l  
m echani sms ,  t h e  r o l e  o f  f r e e  r a d i c a l s  in  t h e  c a n c e r  ph e n o ty p e  i s  
u n c e r t a i n  ( S w a r t z ,  1984) .  The d i r e c t  means to  d e t e r m i n e  w h e t h e r  t h e r e  a r e  
f r e e  r a d i c a l s  i n  t i s s u e s  i s  to  measure  p a ra m a g n e t i s m ,  u s i n g  a  t e c h n i q u e  
c a l l e d  e l e c t r o n  s p i n  r e s o n a n c e  (ESR; S w a r t z ,  1 9 79 ) .  Almost  a l l  ESR 
s t u d i e s  o f  e x p e r i m e n t a l  tumours have i n d i c a t e d  t h a t  t h e i r  c o n c e n t r a t i o n s  
o f  f r e e  r a d i c a l s  a r e  lower than  t h o s e  o f  c om parab le  no rmal  t i s s u e s  
( S w a r t z ,  1982a ) .  E x c e p t i o n s ,  such as  m e l a n i n - c o n t a i n i n g  tumours ,  
d i m e t h y l b e n z a n t h r a c e n e - i n d u c e d  mammary c a rc in o m a s  o f  r a t s  h a v e ,  however ,  
been  o b s e r v e d  to  have s u b s t a n t i a l  f r e e - r a d i c a l  c o n c e n t r a t i o n s  ( S w a r t z ,  
1982b;  Lohman and Neubache r ,  1984) .  I t  has  been  r e p o r t e d  t h a t  t h e  
c o n c e n t r a t i o n s  o f  f r e e  r a d i c a l s  in  sa rcoma-37  tumours  change  as t h e  
neop la sm  i n c r e a s e s  i n  s i z e  ( S a p r i n  e t  a l , 1967 ) .  E h r l i c h  a s c i t e s  tumour 
c e l l s  have  been  o b s e rv e d  to  have s i g n i f i c a n t  c h e m i lu m in e s c e n c e  (Cheng e t  
a l , 1 9 83 ) ,  and t h i s  was conc luded  to  be due to  u n u s u a l l y  h i g h  
c o n c e n t r a t i o n s  o f  f r e e  r a d i c a l s .  The a s c o r b y l  r a d i c a l  has  be e n  i d e n t i f i e d  
i n  a number o f  r a t  tumour t i s s u e s ,  in  t h e  m ur ine  B16 melanoma and a t  
r a i s e d  c o n c e n t r a t i o n s  in  t h e  e r y t h r o c y t e s  o f  p a t i e n t s  w i t h  a c u t e  
l y m p h a t i c  l eu k a e m ia  (Lohman and Neubacher ,  1984 ) .  The o c c u r a n c e  o f  an ESR 
s p e c t r u m ,  c h a r a c t e r i s t i c  o f  t h e  a s c o r b y l  r a d i c a l  i s  n o t ,  how ever ,  p r o o f  
f o r  t h e  e x i s t a n c e  o f  f r e e  r a d i c a l s ,  b e c a u s e  t h e  p r e p a r a t i o n  o f  t i s s u e s ,  
u s u a l l y  by f r e e z e  d r y i n g  f o r  t h e s e  s t u d i e s ,  can  c r e a t e  s p u r i o u s  ESR
s i g n a l s  due t n e  p r e s e n c e  o r  Diooa ^ n u e n e r  ana l a n n e r c ,  i y o o ; .  uxygen 
r a d i c a l s  may be i n v o lv e d  i n  m e la n in  r e a c t i o n s  b e c a u s e  m e l a n in  can  consume 
0 2 and p ro d u c e  *02 and H20 2 ( S e a l y  e t  a l , 1 9 80 ) .  I t  h a s  been  r e p o r t e d  
t h a t  t h e r e  i s  an i n c r e a s e  in  f r e e  r a d i c a l  c o n c e n t r a t i o n  d u r i n g  t h e  e a r l y  
s t a g e s  o f  c a n c e r ,  fo l lo w e d  by a d e c r e a s e  as  n e o p l a s t i c  t i s s u e  e n l a r g e s  
(Emanuel ,  1 9 82 ) .
The a c t i v i t i e s  o f  t h e  m a jo r  a n t i o x i d a n t  enzymes,  s u p e r o x i d e  
d i s m u t a s e ,  c a t a l a s e  and GSH p e r o x i d a s e ,  have  been  r e p o r t e d  to  com pa ra t ­
i v e l y  d i m i n i s h e d '  i n  many tumour c e l l s  (Bozz i  e t  a l , 1976;  P e s k i n  e t  a l , 
1977; Nathan e t  a l , 1980; O b e r l e y ,  1982; T i s d a l e  and Mahmoud, 1983; 
C o r r o c h e r  e t  a l , 1986) .  Tumour c e l l s  m igh t  t h e r e f o r e  be s e n s i t i v e  to  
r e a c t i v e  oxygen s p e c i e s ,  even though most  e v id e n c e  s u g g e s t s  t h a t  they  
have  low s u s c e p t i b i l i t y  to  l i p i d  p e r o x i d a t i o n .
A n t i o x i d a n t s ,  such as  v i t a m i n  C (Cameron e t  a l , 1 9 79 ) ,  v i t a m i n  A 
( O b e r l e y  and B e u t t n e r ,  1979) and s e l e n i u m  ( M i l n e r ,  1 9 84 ) ,  however ,  have 
been  r e p o r t e d  to  s low th e  growth o f  an imal  tumours  and human c a n c e r s .  The 
OH* s c a v e n g e r ,  d i m e th y l  t h i o u r e a ,  has  been  o b s e r v e d  to  i n d u c e  c e l l  
d i f f e r e n t i a t i o n  and i n h i b i t  tumour growth o f  B16 melanomas (N ordenbe rg  e_t 
a l , 1985) .  I t  has  been  shown t h a t  t h e  a d m i n i s t r a t i o n  o f  v i t a m i n  E c a u s e s  
n e u r o b l a s t o m a  and B16 melanoma c e l l s ,  i n  c u l t u r e ,  to  d i f f e r e n t i a t e  
( P r a s a d  e t  a l , 1979;  Rama and P r a s a d ,  1983) .
E x p e r i m e n t a l  R a t i o n a l e
I t  h a s  been  conc lude d  t h a t  t h e  t r e a t m e n t  o f  common a d u l t  m a l i g ­
n a n c i e s  by c y t o t o x i c  chemotherapy  has  g e n e r a l l y  be e n  d i s a p p o i n t i n g  
( K e a r s l e y ,  1 9 86 ) .  C l i n i c a l  o n c o l o g i s t s  v e r y  o f t e n  have  to  d e c i d e  w h e t h e r  
t h e r e  i s  s u f f i c i e n t  t h e r a p e u t i c  b e n e f i t  f rom a n t i c a n c e r  d r u g s  t o  w a r r a n t  
t h e  s u f f e r i n g  o f  d i s t r e s s i n g  s i d e  e f f e c t s .  S a f e r  c a n c e r  t r e a t m e n t s  a r e  
u r g e n t l y  r e q u i r e d .
A c t i v a t e d  oxygen s p e c i e s  may be i m p l i c a t e d  i n  the  a n t i n e o p l a s t i c  
a c t i o n s  o f  i o n i z i n g  r a d i a t i o n s ,  many c h e m o t h e r a p e u t i c  d r u g s ,  and some 
p r o d u c t s  o f  c e l l u l a r  m e ta b o l i s m .  C e l l s  o f  t h e  immune sys te m  can a t t a c k  
n e o p l a s t i c  c e l l s  and d e s t r o y  them, u s i n g  t h e  r e a c t i v e  oxygen s p e c i e s  o f  
the  r e s p i r a t o r y  b u r s t .  The a b i l i t y  o f  c a n c e r  c e l l s  t o  d e t o x i f y  r e a c t i v e  
oxygen i n t e r m e d i a t e s  and the  s u s c e p t i b i l t y  o f  neop la sm s  to  a u t o x i d a t i v e  
i n j u r y  may t h u s  be r e l e v a n t  to  n e o p l a s t i c  growth  and to  a n t i c a n c e r
t h e r a p y .  The pu rp o se  o f  the  f o l l o w i n g  s t u d i e s  was to  c h a r a c t e r i s e  a
t r a n s p l a n t a b l e  an im al  tumour i n  terms o f  t h e s e  p a r a m e t e r s ,  as  a  model  f o r  
improved t h e r a p y  o f  c l i n i c a l  c a n c e r .
i
The Lewis  l u n g  ca rc inom a :  The Lewis lung  c a rc in o m a  i s  a m a l i g n a n t ,
e s s e n t i a l l y  a n a p l a s t i c  tumour which ,  when t r a n s p l a n t e d  e i t h e r  s u b c u t a n -  
e o u s l y  o r  i n t r a m u s c u l a r l y  i n t o  s y n g e n e i c  m ic e ,  r e g u l a r l y  p r o d u c e s  m eta ­
s t a t i c  f o c i  in  the  lungs  (Trope ,  1974;  I s a k o v  e t  a l , 1981) .  The c a rc inom a
a r o s e  s p o n t a n e o u s l y  i n  1951 as  a pulmonary  tumour i n  a C57BL mouse,  and
was d i s c o v e r e d  by Dr M a rg a re t  Lewis o f  t h e  W i s t a r  I n s t i t u t e  ( S u g i u r a  and 
S t o c k ,  1955; Gundersen  e t  a l , 1981.
P r e v i o u s  e x p e r i m e n t s :  S h o r t l y  b e f o r e  the  s t u d i e s  d e s c r i b e d  in  the
f o l l o w i n g  c h a p t e r s ,  p r e l i m i n a r y  s t u d i e s  to  d e t e r m i n e  a n t i o x i d a n t  d e f e n c e  
and l i p i d  p e r o x i d a t i o n  i n  l i v e r ,  lung  and tumours  o f  m ice ,  b e a r i n g  Lewis 
lung  c a r c in o m a s ,  were r e p o r t e d  (Cape l  and T h o r n l e y ,  1982;  Capel  and 
T h o r n l e y ,  1 9 83 ) .  I n  t h i s  e a r l i e r  work,  SOD a c t i v i t i e s  and T B A - r e a c t i v e  
m a t e r i a l  c o n c e n t r a t i o n s  i n  Lewis lung  tumour h om ogena tes ,  removed from 
a n im a ls  a t  v a r i o u s  i n t e r v a l s  a f t e r  tumour i m p l a n t a t i o n ,  were found  to  be 
c o m p a r a t i v e l y  p ronounced .  GSH c o n c e n t r a t i o n s  and GSH p e r o x i d a s e  
a c t i v i t i e s  i n  Lewis lung  ca rc in om as  were ,  however ,  r e l a t i v e l y  l i m i t e d .  I n  
o t h e r  p r e l i m i n a r y  s t u d i e s ,  t h e  v i t a m i n  E and s e l e n i u m  c o n c e n t r a t i o n s  o f  
Lewis lung c a rc inom as  were o b s e rv e d  to  i n c r e a s e  a p p r e c i a b l y  b e tw e en  13 
and 18 days a f t e r  t r a n s p l a n t a t i o n  ( C a p e l ,  1984) .
S ys tem ic  e f f e c t s  o f  c a n c e r :  I t  has  been  known f o r  many y e a r s  t h a t
m a l i g n a n t  tumours  induce  changes  i n  t i s s u e s  o f  t h e  h o s t  t h a t  have  no t  
been  i n f i l t r a t e d  by n e o p l a s t i c  c e l l s  ( G r e e n s t e i n ,  1954; Begg, 1958; 
Busch,  1962;  Shapot  e t  a l , 1972; G r i g o r  e t  a l , 1979) .  P e r t u r b a t i o n s  o f  
normal  t i s s u e s ,  remote  from a tumour o r  i t s  m e t a s t a t i c  f o c i ,  have  been  
r e f e r e d  to  as  " s y s t e m i c "  changes  (Begg, 1958) .  The s y s t e m i c  e f f e c t s  of  
n e o p l a s t i c  d i s e a s e  have  been  th e  s u b j e c t  o f  c o n s i d e r a b l e  s t u d y  b e c a u s e  
they  may c o n t r i b u t e  to  t h e  d e a t h  o f  t u m o u r - b e a r i n g  a n im a l s  o r  c a n c e r  
p a t i e n t s  (Hardy ,  1962; C o s t a ,  1977) .
C a t a l a s e  was one o f  t h e  f i r s t  enzymes to  be d i s c o v e r e d  and i s o l a t e d  
and t h u s  was one o f  t h e  f i r s t  enzymes to  be i n v e s t i g a t e d  i n  c a n c e r o u s  
t i s s u e s  (Busch ,  1962; A e b i ,  1974) .  E a r l i e r  t h i s  c e n t u r y ,  t h e  c a t a l a s e  
a c t i v i t i e s  o f  l i v e r s ,  removed p o s t  mortem from c a n c e r  p a t i e n t s ,  were 
r e p o r t e d  to  be a p p r e c i a b l y  l e s s  than  t h o s e  o f  l i v e r s  f rom p e o p l e  who had 
d i e d  from o t h e r  c a u se s  (Brahn, .  1916) .  T h i s  was p r o b a b l y  t h e  f i r s t  
d e s c r i p t i o n  o f  c a n c e r s  a f f e c t i n g  the  enzyme sys te m s  o f  n o n - i n v o l v e d  h o s t  
t i s s u e s .  D ec reased  h e p a t i c  c a t a l a s e  a c t i v i t y  h a s  s i n c e  b e e n  one o f  the  
most  c o n s p ic u o u s  o b s e r v a t i o n s  o f  the  c o n s i d e r a b l e  l i t e r a t u r e ,  c o n c e rn e d  
w i th  t h e  s y s t e m ic  e f f e c t s  o f  tumours  ( G r e e n s t e i n ,  1954;  Begg, 1 9 58 ) .
S u p e r o x id e  d i s r a u t a s e ,  a n o t h e r  enzyme a s s o c i a t e d  w i t h  t h e  d e t o x ­
i f i c a t i o n  o f  r e a c t i v e  oxygen s p e c i e s ,  m ig h t  a l s o  be a f f e c t e d  by 
n e o p l a s i a .  Tum our-bear ing  a n im a ls  have been  r e p o r t e d  t o  ha v e  d e c r e a s e d  
h e p a t i c  Cu/Zn-SOD a c t i v i t i e s  (Ta ra khovsky  e t  a l , 1980;  Takada e t  a l , 1982. 
The l i v e r s  o f  m ice ,  b e a r i n g  E h r l i c h  a s c i t e s  c a r c i n o m a s ,  have  been  
o b s e rv e d  t o  have  l e s s  SOD a c t i v i t y  ( p a r t i c u l a r l y  M n - c o n t a i n i n g  i so enzym e)  
t han  t h e  l i v e r s  o f  t u m o u r - f r e e  m ice .  ( O b e r l e y  e t  a l , 1 9 8 1 ) .  I n  
p r e l i m i n a r y  s t u d i e s  o f  mice  b e a r i n g  Lewis l u n g  c a r c i n o m a s ,  however ,  
h e p a t i c  Cu/Zn-SOD and GSH p e r o x i d a s e  a c t i v i t i e s  were found n o t  to  d i f f e r  
f rom t h o s e  o f  t u m o u r - f r e e  an im a ls  (Cape l  and T h o r n l e y ,  1982;  Cape l  and
T h o r n le y ,  1983) .  The h e p a t i c  GSH/GSSG r a t i o  o f  Lewis lung  c a r c in o m a -
b e a r i n g  mice has  been  o b s e rv e d  to  r i s e  as  the  tumour i n c r e a s e d  in  s i z e
(Cape l  and T h o r n l e y ,  1983) .  Mice ,  b e a r i n g  Lewis lung c a r c i n o m a s ,  were 
however  o b se rve d  to  have .  c o n s i d e r a b l y  g r e a t e r  h e p a t i c  T B A - re a c t i v e  
m a t e r i a l  c o n c e n t r a t i o n s  t han  t u m o u r - f r e e  c o n t r o l s ,  i n d i c a t i n g  t h a t  t h e  
tumour was a d v e r s e l y  a f f e c t i n g  th e  l i v e r s  o f  t h e s e  a n i m a l s .
O b j e c t i v e s  o f  t h e  s t u d i e s  d e s c i b e d  by t h i s  t h e s i s :  The Lewis lung
c a rc inom a  i s  among th e  most  w i d e l y  used animal  tumours  i n  t h e  s c r e e n i n g  
o f  compounds f o r  a n t i n e o p l a s t i c  a c t i v i t y  ( B e rn d a l  e t  a l , 1 9 83 ) ,  b u t  i s  
c o m p a r a t i v e l y  r e s i s t a n t  to mos t  c o n v e n t i o n a l  c a n c e r  d r u g s .  A p a r t  f rom th e  
p r e l i m i n a r y  s t u d i e s  d e s c r i b e d  above ,  however ,  r e l a t i v e l y  l i t t l e  i s  known 
o f  t h e  a n t i o x i d a n t  d e fe n c e  c a p a b i l i t y  o f  Lewis lung  tumour c e l l s :  SOD
a c t i v i t y  i s  s i g n i f i c a n t l y  l e s s  in  Lewis lung th a n  in  t h e  t i s s u e  o f
o r i g i n ,  m urine  lung  ( P e s k i n  e t  a l , 1977; Van Ba lgooy and R o b e r t s ,  1978) .
The b i o c h e m i c a l  p a r a m e t e r s ,  d e t e r m i n e d  in  t h e  p r e l i m i n a r y  s t u d i e s  
were e x p r e s s e d  in  terms o f  t h e  wet we igh t  o f  t h e  tumour.  The Lewis lung  
c a rc in o m a ,  in  common w i th  o t h e r  s o l i d  tumours  has  a h e t e r o g e n o u s  
c o m p o s i t i o n  ( F i d l e r ,  1978; Takenaga ,  1984; Zupi  e t  a l , 1984) :  v a r i a t i o n  
o f  b i o c h e m i c a l  p a r a m e t e r s  i n  homogenates  o f  whole tumour w i t h  t im e  a f t e r  
i m p l a n t a t i o n  ( tumour  s i z e ? )  c o u ld  t hus  be e x p l a i n e d  by a change  i n  t h e  
r a t i o  o f  d i f f e r e n t  c e l l  t y p e s .  Change i n  the  c o n c e n t r a t i o n  o f  n e o p l a s t i c  
c e l l s  due to  a l t e r a t i o n s  i n  e x t r a c e l l u l a r  f a c t o r s  such as  m i c r o b i a l  
i n f e c t i o n ,  c e l l - m e d i a t e d  immunity o r  d i l u t i o n  by e x t r a c e l l u l a r  f l u i d s  
(oedema) c ou ld  a l s o  a f f e c t  t h e  b i o c h e m i s t r y  o f  n e o p l a s t i c  t um ours .  The 
i n v e r s e  r e l a t i o n s h i p  be tween  SOD a c t i v i t y  and tumour w e i g h t  (C ape l  and 
T h o r n l e y ,  1982)  f o r  example,  . cou ld  have r e s u l t e d  from a g r e a t e r ,  
c o n t r i b u t i o n  to  tumour mass by w a t e r  as tumour volume i n c r e a s e d .  A l th o u g h  
n e o p l a s t i c  c e l l s  can  produce  f a c t o r s  t h a t  s t i m u l a t e  t h e  g rowth  o f  new 
b lood  v e s s e l s  ( a n g i o g e n e s i s  f a c t o r s ;  Folkman and T y l e r ,  1 9 77 ) ,  r e g i o n s  o f
growing tumours  may become so d e t a c h e d  from v a s c u l a r  c a p i l l a r i e s  t h a t
t hey  become h y p o x ic  and i s c h a e m i c ,  and c e l l  d e a t h  e n s u e s .  N e c r o s i s  could 
t h e r e f o r e  c o n t r i b u t e  to  b i o c h e m i c a l  c h a n g e s ,  d e t e r m i n e d  a t  v a r i o u s  days 
a f t e r  tumour t r a n s p l a n t a t i o n .
The s t u d i e s  o f  t h i s  t h e s i s  were t h e r e f o r e  i n s t i g a t e d  to  expand and
improve  th e  e a r l i e r  i n v e s t i g a t i o n s  upon a n t i o x i d a n t  d e f e n c e  and l i p i d
p e r o x i d a t i o n  i n  t u m o u r - b e a r i n g  m ice .  Many a n t i c a n c e r  d r u g s  i n f l u e n c e  
t i s s u e  c o n c e n t r a t i o n s  and th e  r edox  s t a t u s  o f  g l u t a t h i o n e  (Beck,  1980; 
A r r i c k  and N a tha n ,  1984) .  The a c t i v i t i e s  o f  t h e  enzymes,  r e s p o n s i b l e  f o r  
the  metab 'o l i sm  of  g l u t a t h i o n e  were t h e r e f o r e  d e t e r m i n e d .  As the
o b s e r v a t i o n  o f  pronounced T B A -re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  i n  the 
Lewis lung  ca rc inom a  c o n f l i c t e d  w i th  r e p o r t s  f o r  most o t h e r  an imal  
tumours  and human c a n c e r s ,  p a r t i c u l a r  a t t e n t i o n  was a f f o r d e d  to  the  
d e t e r m i n a t i o n  o f  l i p o p e r o x i d e s . Degraded t i s s u e s ,  removed p o s t  mortem 
u n de rgo  a u t o x i d a t i o n  much more r e a d i l y  t h a n  when i n  t h e  l i v i n g  an im al  
( H a l l i w e l l  and G u t t e r i d g e ,  1986) .  The o b s e r v a t i o n s  o f  t h e  p r e l i m i n a r y  
s t u d i e s  mus t  t h e r e f o r e  be i n t e r p r e t e d  c a u t i o u s l y ,  and m ea s u res  t a k e n  to  
d e t e r m i n e  i n  v i v o  l i p i d  p e r o x i d a t i o n .
I t  ha s  been h y p o t h e s i s e d  t h a t  s e r i a l  p a s s a g i n g  o f  r o d e n t  tumours
a l l o w s  l o n g e r  e x p o s u re  o f  t h e  n e o p l a s t i c  c e l l s  t o  t h e  i n t e r n a l  m i l i e u  o f  
t h e  o r g a n i s m  ( L e i b o v i c i ,  1984) .  The Lewis lung  c a r c in o m a ,  due to
p a s s a g i n g  o v e r  many y e a r s ,  migh t  t hus  be b e t t e r  a r e f l e c t i o n  o f  the
d i s e a s e  i n  l o n g - l i f e  span a n im a l s ,  such as  human b e i n g s ,  t h a n  say  
c h e m i c a l l y  induced  tum ours ,  o r  c a n c e r  c e l l s  m a i n t a i n e d  i n  t i s s u e  c u l t u r e .  
The Lewis  lung  ca rc inom a  was c o n s i d e r e d  s t i l l  t o  be a r e l e v a n t  model  w i t h  
which to  c o n t i n u e  t h e  s t u d i e s .  A no the r  a d v a n t a g e  o f  t h e  Lewis  lung 
ca rc in o m a  i s  t h a t  t h e r e  a r e  many r e p o r t s  i n  t h e  b i o m e d i c a l  l i t e r a t u r e  o f  
i t s  a b i l i t y  to  form m e t a s t a t i c  f o c i ,  and o f  i t s  p r o s t a n o i d  m e ta b o l i s m :  
a n t i o x i d a n t  d e f e n c e  and a u t o x i d a t i v e  damage m igh t  be o f  r e l e v a n c e  to
t h e s e  p a r a m e t e r s .
To d e t e r m i n e  w h e th e r  t h e  s y s t e m ic  e f f e c t s  o f  b e a r i n g  Lewis  lung  
c a rc in o m a s  were common to  o t h e r  tumour m ode l s ,  s t u d i e s  were  a l s o  u n d e r ­
t a k e n  u s i n g  m ic e ,  i m p l a n t e d  w i t h  B16 melanomas. T h i s  tumour h a s  s i m i l a r  
growth  k i n e t i c s  to  t h e  Lewis  lung  and i s  a l s o  p a s sa g e d  i n  mice o f  the  
same s t r a i n .  L ik e  t h e  Lewis  l u n g ,  t h e r e  a r e  many r e p o r t s  o f  t h e  b i o l o g y  
and b i o c h e m i s t r y  o f  t h e  B16 melanoma w i t h  which to  compare t h e  f i n d i n g s  
o f  t h e  f o l l o w i n g  s t u d i e s .  A n im a ls ,  b e a r i n g  B16 melanomas,  ha ve  been  
r e p o r t e d  e l s e w h e r e  to  have  i n c r e a s e d  c o n c e n t r a t i o n s  o f  T B A - r e a c t i v e  
m a t e r i a l  i n  t h e i r  l i v e r s  ( P i e r s o n  and Meadows, 1985) .  One p a r a l l e l  w i t h  
t h e  Lewis  lung  c a rc inom a  has  t hus  a l r e a d y  been  e s t a b l i s h e d .
CHAPTER TWO 
TUMOUR GROWTH AND ANTIOXIDANT DEFENCE
TUMOUR GROWTH AND ANTIOXIDANT DEFENCE
INTRODUCTION
The s t u d i e s  d e s c r i b e d  in  t h e  f o l l o w i n g  c h a p t e r  were d i r e c t e d  to  
improve and expand t h e  e a r l i e r  work to  d e t e r m i n e  a n t i o x i d a n t  d e f e n c e  i n  
Lewis lung  tumours (C ape l  and T h o r n le y ,  1982; Capel  and T h o r n l e y ,  1983; 
C h a p te r  1 ) .  A number o f  m o d i f i c a t i o n s  to  make the  b i o c h e m i c a l  a s s e s s m e n t  
o f  the  i n t r a m u s c u l a r l y - i m p l a n t e d  Lewis lung ca rc inom a  l e s s  ambiguous,  
were a t t e m p t e d .  A l l  d e t e r m i n a t i o n s  were r e l a t e d  to  p r o t e i n  c o n c e n t r a t i o n s  
o f  the  a p p l i c a b l e  t u m o u r - d e r iv e d  s am p les ,  r a t h e r  th a n  to  wet  w e i g h t s .  
E s t i m a t i o n s  o f  b i o c h e m i c a l  p a r a m e t e r s  i n  w h o l e - t i s s u e  hom ogena tes  co u ld  
c o n c e a l  d i f f e r e n c e s  be tw een  normal  and n e o p l a s t i c  c e l l s  due to  s u b -  
c e l l u l a r  c o m p a r tm e n ta t i o n  ( S i e s ,  1982; Kohen e t  a l , 1983) .  Tumour homog­
e n a t e s ,  when p r a c t i c a b l e ,  were t h e r e f o r e  d i f f e r e n t i a l l y  c e n t r i f u g e d  i n t o  
a p p r o p r i a t e  s u b c e l l u l a r  f r a c t i o n s .  Dur ing  the  l a t t e r  p r o c e d u r e ,  homog­
e n a t e s  would undergo an i n i t i a l  low-speed  c e n t r i f u g a t i o n  ( a t  660g)  to  
p r e c i p i t a t e  and remove c e l l  d e b r i  and th e  n e c r o t i c  components  o f  the  
tumour (O b e r le y  and S p i t z ,  1984) .  An a d d i t i o n a l  approach^ was to  p h y s i ­
c a l l y  s u b d i v i d e  Lewis lung  tumours  i n t o  a r b i t r a r y  c o r t i c a l  " h y p o x ic "  and 
p e r i p h e r a l  " o x y g e n a te d "  zones (Kennedy e t  a l , 1980) .
D e t e r m i n a t i o n s  were a l s o  made u s i n g  Lewis lung  c e l l s  m a i n t a i n e d  by 
t i s s u e  c u l t u r e .  Tumour c e l l s  grown i n  an i n  v i t r o  s y s te m  f o r  a number o f  
p a s s a g e s  a r e  u n l i k e l y  to  be c o n ta m in a t e d  by h o s t - d e r i v e d  c e l l s ,  such  as 
f i b r o b l a s t s  and a c t i v a t e d  m acrophages ,  t h a t  e x t e n s i v e l y  i n f i l t r a t e  
t r a n s p l a n t a b l e  tumours  b o rn e  by e x p e r i m e n t a l  a n i m a l s .  ( S t e p h e n s  e t  a l , 
1978;  Gundersen  e t  a l , 1981;  I s a k o v  e t  a l , 1981b) .  The 95 :5  a i r /C O ^  
a tm osphe re  unde r  which  c e l l s  i n  c u l t u r e  were m a i n t a i n e d  h a s  a much 
g r e a t e r  p a r t i a l  oxygen p r e s s u r e  t han  t h a t  o f  tumours  i n  s i t u  (Bump e t  a l , 
1982) .  The s y n t h e s e s  o f  the  m ajo r  a n t i o x i d a n t  d e f e n c e  enzymes ,  t h a t  i s
GSH p e r o x i d a s e ,  GSSG r e d u c t a s e  and SOD in  r a t  pu lmonary  t i s s u e  a r e  
i n d u c i b l e  by m o l e c u l a r  oxygen (Kimba l l  e t  a l , 1976) .  The e v a l u a t i o n  o f  
enzytaic a n t i o x i d a n t  sys tem s  i n  t h e  w e l l - o x y g e n a t e d  c u l t u r e d  Lewis  lung 
c e l l s  sho u ld  t hus  make a u s e f u l  com par ison  to  t h a t  o f  r e l a t i v e l y  
i s c h a e m i c  Lewis lung tumours  b o r n e  by mice.
Tumour growth  was a s s e s s e d  by d e t e r m i n i n g  tumour w e i g h t  i n  s i t u  ( t h e  
d i f f e r e n c e  in  w e ig h t  b e tw een  th e  t u m o u r - f r e e  and th e  t u m o u r - b e a r i n g  
l i m b ) ;  t h e  maximum d i a m e t e r  o f  the  tumour; and DNA c o n c e n t r a t i o n  (an 
e s t i m a t i o n  o f  c e l l  number ) .
/
The c e l l u l a r  c o n c e n t r a t i o n  o f  reduced  g l u t a t h i o n e  (GSH) has  r e c e n t l y  
been  p o s t u l a t e d  to  be a m a jo r  d e t e r m i n a n t  o f  t h e  e f f i c a c y  o f  t h e  g r e a t  
m a j o r i t y  o f  a n t i c a n c e r  r eg im ens  ( A r r i c k  and Na than ,  1984 ) .  I n  p r e v i o u s  
s t u d i e s ,  the  r a t i o  o f  GSH to i t s  o x i d i z e d  form, GSSG was shown to 
c o r r e l a t e  s i g n i f i c a n t l y  w i t h  tumour w e igh t  (Cape l  and T h o r n l e y ,  1983) .  
Th is  o b s e r v a t i o n  may have  been  a r e s u l t  o f  a s h i f t  i n  t h e  c o m p o s i t i o n  o f  } 
Lewis lung  tumours in  f a v o u r  o f  c e l l s  c o n t a i n i n g  r e l a t i v e l y  g r e a t e r  GSH 
and s m a l l e r  GSSG c o n c e n t r a t i o n s ,  as the  mass o f  the  neop la sm  i n c r e a s e d .  
Change i n  GSH/GSSG r a t i o  co u ld  a l t e r n a t i v e l y  be caused  by an a l t e r a t i o n  
i n  GSH o r  GSSG g e n e r a t i o n  and u t i l i z a t i o n  (Kosower and Kosower,  1978) .  
A c t i v i t i e s  o f  t h e  p r i n c i p a l  enzymes o f  GSH s y n t h e s i s ,  /y - g l u t a m y l c y s t e i n e  
s y n t h e t a s e  and GSSG r e d u c t a s e ,  and o f  the  m ajo r  enzymes o f  m e t a b o l i s m ,  
GSH p e r o x i d a s e ,  G S H - t r a n s f e r a s e  and ' y § l utainy l  t r a n s p e p t i d a s e  were 
t h e r e f o r e  d e t e r m i n e d .  NADPH, th e  c o f a c t o r  f o r  GSSG r e d u c t a s e  i s  p r i m a r i l y  
p roduced  from th e  r e d u c t i o n  o f  NADP+ by the  p e n t o s e  p h o s p h a te  pa thway  o r  
s h u n t  (E l s a y e d  e t  al_, 1982; f i g  2 . 1 ) .  G l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  
(EC. 1 . 1 . 1 . 4 9 )  i s  a r a t e  l i m i t i n g  enzyme o f  t h e  p e n t o s e  p h o s p h a t e  s h u n t  
(Hosoda and Nakamura,  1970 ) ,  and t h e r e f o r e  i t s  a c t i v i t y  was d e t e r m i n e d .
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EXPERIMENTAL
Chemicals
[ 8 - ^ C ] S t y r e n e  o x i d e  ( s p e c i f i c  a c t i v i t y  607 MBq/m mole)  and L - [ 1 - ^ C ] -  
g l u t a m i c  a c i d  ( s p e c i f i c  a c t i v i t y  2 GBq/m mole)  were  p u r c h a s e d  from t h e  
R a d io c h e m ic a l  C e n t r e ,  Amersham, Bucks.
R i b o f l a v i n  and cumene h y d r o p e r o x i d e  were s u p p l i e d  by Koch L i g h t ,  
C o lnb rook ,  B u c k s . ;  m e t a p h o s p h o r i c  a c i d ,  o r t h o p h o s p h o r i c  a c i d  and 
d i a m i n o e t h a n e - t e t r a - a c e t i c  acid-  (EDTA) by B r i t i s h  Drug Houses L t d . ,  
P o o l e ,  D o r s e t ;  and 2 - v i n y l  p y r i d i n e  by A l d r i c h  Chemica l  Co. L t d . ,  
G i l l i n g h a m ,  D o r s e t .  B a c t o t r y p s i n  was p u r c h a s e d  from D i f c o  L a b o r a t o r i e s ,  
D e t r o i t ,  M ic h . ,  U.S.A.  The t i s s u e  c u l t u r e  medium, D u l b e c c o ' s  m o d i f i c a t i o n  
o f  E a g l e s  minimal  e s s e n t i a l  medium, was s u p p l i e d  by t h e  I n s t i t u t e  o f  
Cancer  R e s e a rc h ,  S u t t o n ,  S u r r e y  ( a  d e t a i l e d  d e s c r i p t i o n  i s  g i v e n  i n  the  
A p p e n d i c e s ) .  A l l  o t h e r  r e a g e n t s  were o f  t h e  p u r e s t  g r a d e  c o m m e rc i a l l y  
a v a i l a b l e  and were o b t a i n e d  from e i t h e r  Sigma London Chem ica l  Co. L t d . , 
P o o l e ,  D o r s e t  o r  F i s o n s ,  Loughborough,  L e i c s .
Animals  and T r e a tm e n t
A l l  s t u d i e s  were u n d e r t a k e n  w i t h  male  C57BL6 mice ( O l a c )  which were 
m a i n t a i n e d  on R&M e x p e r i m e n t a l  SQC d i e t  (BP N u t r i t i o n a l ;  s e e  Appendix  I  
f o r  d e t a i l s ) ,  and housed on s t e r i l i z e d  sawdus t  b e d d in g  i n  h i g h  d e n s i t y  
p o l y p r o p y l e n e  cages  a t  21 + 1°C. Food and w a t e r  were a v a i l a b l e  ad
l i b i t u m .
The Lewis lung  tumour c e l l  l i n e  was o b t a i n e d  i n  1977 from Dr.  G.G. 
S t e e l  o f  t h e  I n s t i t u t e  o f  Cancer  R e s e a rc h  (IC R) ,  S u t t o n ,  S u r r e y ,  and has  
s i n c e  be e n  m a i n t a i n e d  by r e g u l a r  i n t r a m u s c u l a r  p a s s a g e  i n  s y n g e n e i c
h o s t s .  The tumour c e l l  l i n e  a t  t h e  ICR was i t s e l f  s u p p l i e d  by P r o f e s s o r  
K. Hei lman o f  t h e  I m p e r i a l  Cancer  R e s e a rc h  Fund,  London ( S t e e l e  and 
Adams, 1975) .
The C57BL10 mouse,  o f  t h e  i n i t i a l  s t u d i e s  o f  Cape l  and T h o rn le y  
(1982,  1983)  was r e p l a c e d  by C57BL6 as  h o s t  f o r  Lewis lung  ca rc in om a
b e c a u s e  t h e  C57BL6 i s  t h e  s u b s t r a i n  o f  p r e f e r e n c e  i n  t h e  g r e a t  m a j o r i t y  
o f  p u b l i c a t i o n s  i n  t h e  l i t e r a t u r e  conc e rne d  w i th  t h e  Lewis l u n g .  Since  
the  e x a c t  s u b s t r a i n  in  which t h e  Lewis lung  ca rc inom a  o r i g i n a t e d  i s  
u n c e r t a i n ,  and the  BLlO and BL6 mice on ly  d i f f e r  by two r e l a t i v e l y  minor 
h i s t o c o m p a t a b i l i t y  l o c i ,  b o th  s u b s t r a i n s  a r e  e f f e c t i v e l y  s y n g e n e i c  to  the  
Lewis lung ca rc inom a  (Gundersen  e t  a l , 1981;  I s a k o v  e t  a l , 1 9 8 1 a ) .  Co­
w orke rs  a t  t h e  Marie  C u r i e  Memorial  F o u n d a t io n  R e s e a rc h  I n s t i t u t e  (Whur 
e t  a l , 1980)  found no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  the  C57BL6 and the  
C57BL10 s u b s t r a i n s ,  as tumour h o s t ,  i n  the  growth  k i n e t i c s  o f  t h e  p r im a ry  
Lewis lung  o r  i t s  pu lmonary m e t a s t a s e s .
L a c t a t e  de h y d ro g e n a s e  v i r u s  i s  a s s o c i a t e d  w i th  a 5 to  10 f o l d  
i n c r e a s e  i n  t h e  plasma l a c t a t e  d e h yd roge na se  a c t i v i t y  o f  i n f e c t e d  mice 
( B a i l e y  j i t  ad,  1963; R i l e y ,  1968) .  Hos t  m ac rophages ,  t h a t  i n f i l t r a t e  
t r a n s p l a n t a b l e  tumours ,  a r e  p o t e n t i a l  c a r r i e r s  o f  t h i s  murine  
t u m o u r - a s s o c i a t e d  v i r u s  ( Jo hnson  and Sh in ,  1983) .  To m in im ize  t h e  c a r r y ­
ove r  o f  h o s t  c e l l s ,  Lewis lung c e l l s  were c u l t u r e d  i n  v i t r o  f o r  5 
c o n s e c u t i v e  p a s s a g e s  ( I s a k o v  e t  a l , 1981b) .  C e l l s  were a l l o w e d  to  grow to  
s u b c o n f l u e n c y  and r e l e a s e d  from the  c u l t u r e  d i s h e s  by means o f  t r y p s i n  
(5ml o f  5% w/v D i fco  B a c t o t r y p s i n )  a t  37°C. The Lewis lung c e l l s  were 
r e s u s p e n d e d  in  growth medium a t  a c o n c e n t r a t i o n  o f  2 .5  x 10 c e l l s / m l .  
D i m e t h y l s u l p h o x i d e  (DMSO) was added to  a c o n c e n t r a t i o n  o f  10% v / v ,  and 
a l i q u o t s  (1ml)  o f  c e l l  s u s p e n s i o n  were t r a n s f e r r e d  to  s t e r i l e  ampoules .  
The ampoules  were s e a l e d  and coo le d  g r a d u a l l y  a t  a r a t e  o f  a p p r o x i m a t e l y
1° C/min to  a  f i n a l  t e m p e r a t u r e  o f  - 7 0 °  C. Lewis lung  tumour c e l l s  f rom 
t h i s  f i f t h  p a s sa g e  (P5)  were s t o r e d  i n  a l i q u i d  n i t r o g e n  c o n t a i n e r ,  as  a 
p r im a ry  s t o c k  f o r  a l l  f u t u r e  e x p e r i m e n t s  u s i n g  Lewis  lung  tumour c e l l s .
Lewis  lung tumours  were m a i n t a i n e d  by one i n  v i v o  p a s s a g e  o f  t h e  P5 
s t o c k  i n t o  one f l a n k  o f  a C57BL6 mouse ( s e e  l a t e r ) .  The tumour was 
a l low e d  to  d e v e lo p  f o r  14 d a y s .  The mouse was k i l l e d  by c e r v i c a l  
d i s l o c a t i o n ,  and t h e  tumour d i s s e c t e d  o u t  o f  t h e  l im b ,  a s e p t i c a l l y .  The 
tumour was f i n e l y  chopped w i t h  c r o s s e d  s c a l p e l  b l a d e s  and washed w i t h  
p h o s p h a te  b u f f e r e d  s a l i n e  (20ml a t  37°C) .  To d i s a g g r e g a t e  t h e  tumour 
c e l l s  t h e  f r agm en ted  t i s s u e  was i n c u b a t e d  i n  p h o s p h a t e - b u f f e r e d  s a l i n e  
c o n t a i n i n g  B a c t o - t r y p s i n  (2mg/ml)  and DNase ( 0 .1  mg/ml) a t  37°  C 
(S te p h e n s  e t  a l , 1984) .  The tumour f r a g m e n t s  were a l l o w e d  to  s e t t l e  (10 
min)  and the  s u p e r n a t a n t  d i s c a r d e d .  The p r e c i p i t a t e  was suspended  in  
p h o s p h a t e - b u f f e r e d  s a l i n e  c o n t a i n i n g  f r e s h  enzymes,  and i n c u b a t e d  f o r  20 
min w i t h  c o n t i n u o u s  g e n t l e  a g i t a t i o n .
The s u s p e n s i o n  was v i g o r o u s l y  shaken  to  d i s l o d g e  l o o s e l y  a t t a c h e d  
c e l l s  f rom th e  s m a l l e r  tumour f r a g m en t s  r e m a in i n g .  F u r t h e r  DNase ( 0 .1  
mg/ml f i n a l  c o n c e n t r a t i o n )  was added and t h e  s u s p e n s i o n  f i l t e r e d  t h ro u g h  
m o n o f i l  p o l y e s t e r  mesh (35mm a p e r t u r e ,  Henry Simon L t d ,  S t o c k p o r t ,  
C h e s h i r e ) .  The f i l t r a t e  was c e n t r i f u g e d  (1000 rpm f o r  5 min)  and th e  
r e s u l t a n t  p e l l e t  washed tw ic e  in  p h o s p h a t e - b u f f e r e d  s a l i n e  (20m l) .  DNase 
was added to  p r e v e n t  r e - a g g r e g a t i o n  o f  tumour c e l l s ,  to  e n s u r e  t h a t  a l l  
t h e  f i n a l  c e l l  s u s p e n s i o n  was composed o f  s i n g l e  c e l l s  and n o t  s m a l l  
clumps o f  c e l l s  ( S h i p l e y  e t  a l , 1975) .  A f t e r  d i s c a r d i n g  t h e  second wash,  
t h e  c e l l s  were r e s u s p e n d e d  i n  b u f f e r e d  s a l i n e  and t h e  c o n c e n t r a t i o n  o f  
v i a b l e  , t r y p a n  b l u e  e x c l u d i n g ,  c e l l s  ( n o r m a l l y  >90%) e s t i m a t e d  u s i n g  an 
improved Neubauer  h a e m o c y to m e te r . Mice d e s i g n a t e d  by random s e l e c t i o n  to  
b e a r  tum ours ,  r e c e i v e d  s i n g l e  h in d l im b  i /m  i n j e c t i o n s  ( 0 .2 m l )  o f  5 x 10^
Lewis lung  c e l l s  suspended  in  p h o s p h a t e - b u f f e r e d  s a l i n e  (PBS). Animals  
( a g e - m a t c h e d )  s e l e c t e d  to  be donors  o f  the  r e f e r e n c e  t i s s u e ,  l u n g ,  
r e c e i v e d  i /m  i n j e c t i o n s  o f  p h o s p h a t e - b u f f e r e d  s a l i n e  on ly . .  Mice had 
a t t a i n e d  body w e i g h t s  o f  21 + 3 g (8 -10  weeks o f  age)  by t h e  t im e  o f
tumour i m p l a n t a t i o n .
S ix  male  C57BL6 mice were i n o c u l a t e d  as  d e s c r i b e d  p r e v i o u s l y ,  w i t h  
Lewis lung  ca rc inom a  c e l l s  and s i x  age -m atched  c o n t r o l s  were i n o c u l a t e d  
w i t h  v e h i c l e  o n l y .  The tumours  were a l l o w e d  to  d e v e lo p  f o r  14 days b e f o r e
t h e  a n im a ls  were k i l l e d  by e t h e r  a s p h y x i a t i o n  and blood  removed a s e p t -
i c a l l y  by c a r d i o p u n c t u r e .  Blood from th e  s i x  i n d i v i d u a l s  o f  each  g roup  
was poo led  and th e  serum a n a ly z e d  f o r  12 common murine  v i r u s e s  (Abtek  
B i o l o g i c a l s  L td ,  L i v e r p o o l ) ,  i n c l u d i n g  Murine H e p a t i t i s ,  S e n d a i ,  Reo 3 
and L a c t a t e  Dehydrogenase  v i r u s .  Tumour t i s s u e  from the  mice i m p l a n t e d
w i th  Lewis lung ca rc inom a c e l l s  was a l s o  s c r e e n e d  f o r  L a c t a t e
D ehydrogenase  v i r u s .  There was no e v id e n c e  o f  any c o n t a m i n a t i o n  o f  e i t h e r  
t h e  t u m o u r - b e a r i n g  (Turn) o r  t h e  t u m o u r - f r e e  c o n t r o l s  (Con) by any o f  t h e  
v i r u s e s  ( s e e  Appendix  I I  f o r  f u l l  v i r u s  p r o f i l e ) .
T i s s u e  C u l t u r e
C e l l s  f rom t h e  P5 s t o c k  i n  l i q u i d  n i t r o g e n  were b r o u g h t  to  room
t e m p e r a t u r e  and washed tw i c e  i n  p h o s p h a t e - b u f f e r e d  s a l i n e  by g e n t l e
c e n t r i f u g a t i o n  (1000 rpm f o r  5 m in ) .  The c e l l s  were r e s u s p e n d e d  i n  a
£
s m a l l  volume o f  p h o s p h a t e - b u f f e r e d  s a l i n e  ( a p p r o x i m a t e l y  10 c e l l s /  m l ) .  
The c o n c e n t r a t i o n  o f  v i a b l e  ( t r y p a n  b l u e  e x c l u d i n g )  c e l l s  was d e t e r m i n e d  
u s i n g  an improved Neubauer  h a e m o c y to m e te r . C e l l s  (5 x 10"*) were p l a t e d  
on to  t i s s u e  c u l t u r e  d i s h e s  (14cm d i a m e t e r )  c o n t a i n i n g  l x  D u l b e c o ' s  mod i­
f i c a t i o n  o f  E a g l e s  medium (40ml;  Appendix  I I I ) ,  supp le m en te d  w i t h  10%
c
f o e t a l  c a l f  serum and 0.2M L - g l u t a m i n e ,  p e n i c i l l i n  (0 .2 5 m g /m l ) ,  neomycin  
(O . lm g /m l )  and s t r e p t o m y c i n  (0 .0 5 m g /m l ) .  C u l t u r e s  were m a i n t a i n e d  i n  a
h u m i d i f i e d  a tm o s p h e re  o f  95% a i r  and 5% CC^.
H i s t o l o g y
Mice b e a r i n g  Lewis lung  tumours  were k i l l e d ,  a t  i n t e r v a l s  f rom 10-16 
days a f t e r  i m p l a n t a t i o n  o f  tumour c e l l s ,  by CC^ n a r c o s i s  and 
e x s a n g u i n a t i o n  v i a  c a r d i o p u n c t u r e .  The w e i g h t  o f  t h e  tumour was 
d e t e r m i n e d  by s u b t r a c t i n g  the  w e ig h t  o f  the" d i s a r t i c u l a t e d  t u m o u r - f r e e  
l imb from t h a t  o f  the  t u m o u r -b e a r i n g  limb ( S t e e l e  and Adams, 1975 ) ,  and 
the  maximum tumour d i a m e t e r  a s c e r t a i n e d  by means o f  c a l l i p e r s .  Sk in  and 
f u r  o v e r  the  tumour were c a r e f u l l y  removed. The t u m o u r - b e a r i n g  and the  
t u m o u r - f r e e  h i n d l i m b s  were de ta c h e d  from the  c a r c a s s  a t  t h e  h i p  j o i n t ,  
and immersed i n  p h o s p h a t e - b u f f e r e d  10% v / v  fo rm ol  s a l i n e  f o r  24 h o u r s .  
Using a s c a l p e l  b l a d e ,  an i n c i s s i o n  o f  a p p r o x i m a t e l y  5mm d e p th  was made 
i n  the  tumour 3-6mm above and below the  p l a n e  i n  which s e c t i o n s  were to 
be c u t .  Th is  p r o c e d u r e  f a c i l i t a t e d  the  p e r f u s i o n  o f  f i x i n g  f l u i d  i n t o  the 
body o f  t h e  tumour.  The l imbs were immersed f o r  a f u r t h e r  3 days  in  
fo rmol  s a l i n e  b e f o r e  b e in g  d e c a l c i f i e d  i n  Gooding and S t e w a r t ’ s s o l u t i o n  
(5% v / v  fo rm ic  a c i d  in  5% v / v  f o r m a l i n )  f o r  4 d a y s .  A s e c t i o n  o f  2-3mm 
t h i c k n e s s  was c u t  f rom . each l imb i n  t h e  p l a n e  p e r p e n d i c u l a r  to  the  
femur and t i b i a  , a t  the  l e v e l  a c r o s s  the  femur j u s t  p r o x im a l  to  t h e  knee 
j o i n t .  These  p i e c e s  o f  t i s s u e  were t h e n  p r o c e s s e d  o v e r n i g h t  i n  a 
" H i s t o k i n e t t e "  t y p e  E7326 ( B r i t i s h  American O p t i c a l  Co. L td ,  S lough ,  
B u c k s . ) .  Th is  i n v o lv e d  immersion  in  b a t h s  c o n t a i n i n g  i n c r e a s i n g  s t r e n g t h s  
o f  e t h a n o l  (70 ,  85,  95, 100% v / v )  b e f o r e  b e i n g  c l e a r e d  i n  100% t o l u e n e
and i m p r e g n a te d  w i t h  wax ( C u l l i n g ,  1974) .  The t i s s u e s  were  t h e n  embedded 
i n  p a r a f i n - w a x  b l o c k s ,  s e c t i o n e d  u s i n g  a r o t a r y  m ic ro tom e ( t o  6 m ic rons  
t h i c k n e s s )  and mounted on to  g l a s s  m ic ro sc o p e  s l i d e s .
S e c t i o n s  were s t a i n e d  w i th  h a e m a to x y l i n  and e o s i n  (H&E) f o r  r o u t i n e
e x a m i n a t i o n  u s i n g  the  l i g h t  m ic r o s c o p e  (Appendix  I V . a ) .  O t h e r  s e c t i o n s  
were s t a i n e d  u s i n g  van G i e s o n ' s  p r e p a r a t i o n  (1889)  which  s t a i n s  f o r  
c o n n e c t i v e  t i s s u e s  ( p r i n c i p a l l y  c o l l a g e n )  o r  w i t h  P e r i s '  P r u s s i a n  b l u e  
(1867)  f o r  f e r r i c  i r o n  s a l t s  (Appendices  IV.b  and I V . c ) .  A number o f  
u n s t a i n e d  s e c t i o n s  were mounted i n  3 :1  g l y c e r o l / p h o s p h a t e - b u f f e r e d  
s a l i n e ,  and examined u s i n g  a f l u o r e s c e n c e  m ic r o s c o p e  f o r  l i p o f u s c i n - l i k e  
a u t o f l u o r e s c e n c e  ( P o r t a  and H a r t r o f t ,  1969; Reddy e t  a l , 1982;  Katz  e t  
a l , 1984) .  The h i s t o l o g i c a l  s e c t i o n s  o f  tumour,  and h o s t  t i s s u e s  ( C h a p t e r  
3)  were i n s p e c t e d  by an i n d e p e n d e n t  exam iner ,  and h i s  a p p r a i s a l  o f  t h e i r  
p a t h o l o g y  i s  g i v e n  in  t h e  r e s u l t s  s e c t i o n .
Separation of Tumour Tissue into "Cortical" and "Peripheral" Regions
T um our-bear ing  mice were k i l l e d  by e t h e r  a s p h y x i a t i o n  on days  13, 15 
and 17 a f t e r  tumour i m p l a n t .  Blood was removed from the  t h o r a c i c  c a v i t y  
by c a r d i o p u n c t u r e .  L i v e r s  and lungs  ( t h e  r e f e r e n c e  t i s s u e s )  were r a p i d l y  
e x c i s e d :  r i n s e d  in  p h o s p h a t e - b u f f e r e d  s a l i n e ;  and t h e n  immersed in
i s o p e n t a n e  which had been  c o o le d  i n  l i q u i d  n i t r o g e n ,  i n  which  t h e y  were 
s t o r e d  u n t i l  the  day o f  a s s a y .  I s o p e n t a n e  ( f r e e z i n g  p o i n t :  - 1 6 0 °  C) was 
used  as  r e f r i g e r a n t  b e c a u s e  i t  has  been  r e p o r t e d  to  s i g n i f i c a n t l y  
d e c r e a s e  t h e  f r e e z i n g  t ime o f  t i s s u e s  (F a u p e l  e t  a l , 1972) .  S k in  and f u r  
were s t r i p p e d  from th e  t u m o u r - b e a r i n g  l imb and t h e  e n t i r e  l e g  d e t a c h e d  a t  
t h e  h i p  j o i n t .  The i n  s i t u  mass o f  each  tumour was d e t e r m i n e d  as  
d e s c r i b e d  i n  the  p r e v i o u s  s e c t i o n .  The tumours  were t h e n  immersed i n  
i s o p e n t a n e / l i q u i d  n i t r o g e n  u n t i l  r e q u i r e d  f o r  a n a l y s i s .
F r o z e n  tumours  were removed from l i q u i d  n i t r o g e n  and o r i e n t e d  such 
t h a t  t h e  s k e l e t a l  components  o f  t h e  l imb were a l l  i n  t h e  same h o r i z o n t a l  
p l a n e ,  and d i s p l a c e d  to  one s i d e  o f  t h e  m u s c l e -  and f a s c i a - e n c a p s u l a t e d  
tumour ( s e e  f i g .  2 . 2 ) .  The tumour was s e c u r e d  be tw een  t h e  p o l y p r o p y l e n e -
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FIG. 2 .2  -  Schemat ic  Diagram o f  P r o c e d u r e  t o  S u b d i v i d e
I n t r a m u s c u l a r l y - i m p l a n t e d  Lewis  Lung Tumours i n t o  
A r b i t r a r y  C o r t i c a l  and P e r i p h e r a l  R e g io n s .
l i n e d  jaws o f  a v i c e  and p l a c e d  unde r  an o v e r h e a d - d r i v e  bench  d r i l l .  
Using a 10mm l e n g t h  p o l y t h e n e  tube  o f  7mm i n t e r n a l  d i m e t e r  ( a d a p t e d  from 
a 10ml c a p a c i t y  d i s p o s a b l e  blowout  p i p e t t e ) ,  r e v o l v i n g  a t  500 rpm, a bo re  
o f  f r o z e n  tumour t i s s u e  was d r i l l e d .  The c y l i n d r i c a l  s e c t i o n  o f  t i s s u e  
was pushed o u t  o f  t h e  tube  w i t h  a l o o s e - f i t t i n g  rod  and 3-4mm o f  t i s s u e  
from each end was d i s c a r d e d .  The r e s i d u a l  t i s s u e  was t h o u g h t  to  
c o r r e s p o n d  to  t h e  h y pox ic  c o r t e x  o f  t h e  tumour.  The tumour t i s s u e
r e m a in in g  i n  t h e  t u m o u r - b e a r i n g  l imb,  c o n s i d e r e d  to  be b r o a d l y  
r e p r e s e n t a t i v e  o f  t h e  tumour p e r i p h e r y ,  was a l s o  d i s s e c t e d  o u t .
Preparation of Tissues
F roz en  t i s s u e  was thawed to  4°C. Tumour t i s s u e s  were homogenized  a t  
10 o r  20% wet  w t / v o l  i n  1.15% w/v KC1 u s i n g  3-5  p a s s e s  o f  a t e f l o n  p e s t l e
i n  a P o t t e r - E l v e h j e m  hom ogenizer  a t  4°C. When a m i t o c h o n d r i a l  f r a c t i o n  o f
tumour t i s s u e  was r e q u i r e d ,  20% w/v homogenates  were d i l u t e d  1:1 w i t h  0 .5  
M s u c r o s e  (pH 7 . 4 )  c o n t a i n i n g  1 raM TRIS and 0 .1  mM e t h y l e n e g l y c o l - b i s -  
[B - a m i n o - e th y l  e t h e r ] N , N ' - t e t r a - a c e t i c  a c i d  (EGTA). To s e p a r a t e  t i s s u e
homogenates  i n t o  s u b c e l l u l a r  f r a c t i o n s  the  s t a n d a r d  d i f f e r e n t i a l  c e n t r i ­
f u g a t i o n  p r o c e d u r e  (Hogeboom, 1955) was u se d .  P o r t i o n s  o f  t h e  homogenates  
(<10 ml)  were c e n t r i f u g e d  i n  an MSE 65 u l t r a - c e n t i f u g e  a t  660 £  f o r  10
min.  The p e l l e t s ,  presumed to  c o n t a i n  c e l l  n u c l e i ,  i n t a c t  c e l l s ,
c o n n e c t i v e  t i s s u e ,  n e c r o t i c  m a t e r i a l ,  e r y t h r o c y t e s  and a r e l a t i v e l y  s m a l l  
p r o p o r t i o n  o f  m i t o c h o n d r i a  (Hogeboom, 1955) ,  were d i s c a r d e d .  The s u p e r ­
n a t a n t s  were c e n t r i f u g e d  a t  9770 j* f o r  20 min and t h e  r e s u l t a n t  p e l l e t s
( t h e  m i t o c h o n d r i a l  f r a c t i o n s )  r e t a i n e d .  The s u p e r n a t a n t s  f rom t h e  9770 £
c e n t r i f u g a t i o n  were c e n t r i f u g e d  a t  105 000 £  f o r  60 min to  p r o v i d e  the
m ic rosom al  ( t h e  p e l l e t )  and c y t o s o l i c  o r  s o l u b l e  f r a c t i o n s  ( t h e  s u p e r ­
n a t a n t ) .  Microsomal  and m i t o c h o n d r i a l  p e l l e t s  were washed t w i c e  by 
r e s u s p e n s i o n  and c e n t r i f u g a t i o n .  The m ic rosomal  and m i t o c h o n d r i a l
f r a c t i o n s  were s t o r e d  as  r e f r i g e r a t e d  (5 °  C) o r  f r o z e n  p e l l e t s  ( - 2 0 °  C),  
as  r e q u i r e d ,  and r e s u s p e n d e d  i n  a p p r o p r i a t e  b u f f e r s  i m m e d i a t e l y  p r i o r  to  
a n a l y s i s .
D e t e r m i n a t i o n s  o f  GSH p e r o x i d a s e ,  SOD, G S H - t r a n s f e r a s e  and 
g l u t a m y l c y s t e i n e  s y n t h e t a s e  a c t i v i t i e s ,  and GSH/GSSG c o n c e n t r a t i o n s  were 
d e t e r m i n e d  w i t h i n  24hr  o f  h o m o g e n i z a t i o n .  A l l  o t h e r  d e t e r m i n a t i o n s  were 
pe r fo rm ed  w i t h i n  14 days  o f  r e f r i g e r a t i o n  a t  -20°C.
I n s t r u m e n t a t i o n
14 . . . .  . . .  . RC - R a d i o a c t i v i t i e s  were q u a n t i f i e d  u s i n g  a P a c k a rd  T r i c a r b  2650
l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .  O p t i c a l  a s o r b a n c e  was d e t e r m i n e d  w i th  
e i t h e r  a Pye Unicam SP1800 twin-beam u l t r a v i o l e t / v i s i b l e  s p e c t r o ­
p h o to m e te r  o r  a Pye Unicara SP6-550 s i n g l e  beam u l t r a v i o l e t / v i s i b l e  
s p e c t r o p h o t o m e t e r .  F l u o r e s c e n c e  was q u a n t i f i e d  w i th  a B a i rd  Atomic SFR100 
r a t i o - r e c o r d i n g  s p e c r o f l u o r i m e t e r .
Membranous s u b c e l l u l a r  f r a c t i o n s  were s o n i c a t e d ,  when r e q u i r e d ,  
Ru s i n g  a Son ip robe  t y p e  1130A (Dawe I n s t r u m e n t s  L t d . ,  L o n d o n , ) .  P h o t o -
Rm ic r o sc o p y  was a c h i e v e d  u s i n g  a Nikon O p t i p h o t  HFM-T v i s i b l e  l i g h t
m ic r o s c o p e  w i t h  a M-35FA 35 mm f i l m  p h o t o m ic r o g r a p h y  a t t a c h m e n t .  A L e i t z  
R
Orthoplan/Orthomat ultraviolet fluorescence microscope was used to 
examine unstained histological sections for autofluorescence.
B io c h e m ica l  Assays
DNA: DNA c o n c e n t r a t i o n  was d e t e r m i n e d  by a p r o c e d u r e  i n  which  t h e  n u c l e i c  
a c i d  component o f  t i s s u e  samples  was f i r s t  i s o l a t e d  by means o f  p r e f ­
e r e n t i a l  h y d r o l y s i s  i n  h o t  p e r c h l o r i c  a c i d  (PCA). The DNA c o u l d  t h e n  be
q u a n t i f i e d  by t h e  r e a c t i o n  be tw een  d e o x y r i b o s e  s u g a r s  and d i p h e n y la m in e  
to  g i v e  a d a r k - b l u e  p r o d u c t  ( B u r to n ,  1956) .
1.7% w/v PCA ( 3 .5 m l )  was added to d u p l i c a t e  0 .5m l  samples  o f  t i s s u e  
homogenate ,  mixed by V o r t ex  and c e n t r i f u g e d  a t  2500 rpm f o r  15 min to 
p r e c i p i t a t e  n u c l e i c  a c i d  and p r o t e i n s .  The s u p e r n a t a n t s  were c a r e f u l l y  
d e c a n t e d  and th e  a c i d - i n s o l u b l e  p e l l e t s  r e s u s p e n d e d  i n  5% w/v PCA (4ml) .  
A f t e r  f u r t h e r  c e n t r i f u g a t i o n ,  t h e  p e l l e t s  were su spende d  i n  d e f a t t i n g  
s o l v e n t  (4ml o f  2 : 2 : 1  by v o l  m i x t u r e  o f  e t h e r ,  e t h a n o l  and c h lo r o f o r m )  
and c e n t r i f u g e d  as  b e f o r e .  The p e l l e t s  were washed a g a i n  i n  d e f a t t i n g  
s o l v e n t :  r e s u s p e n d e d  i n  5% PCA, c o n t a i n i n g  0 . 1  mM d i e t h y l e n e -
t r i a m i n o p e n t a - a c e t i c  a c i d  (DETAPAC); and i n c u b a t e d  f o r  15 min a t  70° C. 
The c h e l a t i n g  a g e n t ,  DETAPAC was in c l u d e d  to  remove f r e e  i r o n  which cou ld  
r e n d e r  DNA n o n - h y d r o l y z a b l e  and t h e r e b y  p r e v e n t  i t s  e x t r a c t i o n  ( H a l l  and 
A x e l r o d , 1977 ) .
The h y d r o l y s a t e s  were co o le d  to room t e m p e r a t u r e  and c e n t r i f u g e d  a t
2500 rpm f o r  15 min: 87 mM d ip h en y la m in e  s o l u t i o n  (4ml i n  0 . 0 1 :  1 .45 :
98.54% by v o l  a c e t a l d e h y d e ,  s u l p h u r i c  a c i d  and g l a c i a l  a c e t i c  a c i d )  was
t h e n  added to  2ml a l i q u o t s  o f  the  s u p e r n a t a n t .  The d i p h e n y l a m i n e  r e a g e n t
(4ml)  was a l s o  added to  d u p l i c a t e  2ml volumes ( i n  5% w/v PCA) o f  a r ange
(0-400  flg)  o f  c a l f - t h y m u s  DNA s t a n d a r d s .  The a s s a y  t u b e s  were s e a l e d  w i t h  
RP a r a f i l m  and l e f t  f o r  16-20 h r  i n  a d a r k  c upboa rd  a t  room t e m p e r a t u r e ,  
b e f o r e  t h e i r  s p e c t r o p h o t o m e t r i c  a b s o rb a n c e s  a t  595nm were d e t e r m i n e d .  DNA 
c o n c e n t r a t i o n  i n  t h e  samples  was e s t i m a t e d  by c o m p a r i s o n  w i t h  t h e  
s t a n d a r d s .  The r e c o v e r i e s  o f  50 fig and 200 fig c a l f - t h y m u s  s t a n d a r d s ,  when 
added to  0 . 5  ml o f  10% w/v l i v e r  homogenate ,  as  e v a l u a t e d  by t h e  above 
p r o c e d u r e ,  were 93 _+ 2% and 94 _+ 3% r e s p e c t i v e l y .
G l u t a t h i o n e :  T o t a l  g l u t a t h i o n e  ( re d u c e d  + o x i d i z e d )  was a s s a y e d  by a
s t a n d a r d  c y c l o - r e d u c t i o n  p r o c e d u r e  in  which t h e  GSH i n  t h e  sample  r e d u c e s  
5 , 5 1- d i t h i o b i s [ 2 - n i t r o b e n z o i c  a c i d ]  ( E l l m a n ' s  r e a g e n t ,  DTNB) to  form a
y e i i o w  i o n  p r o d u c t  o t  c h a r a c t e r i s t i c  a b s o rb a n c e  a t  412mn, and a mixed 
d i s u l p h i d e  ( T i e t z e ,  1969) .  The d i s u l p h i d e  r e a c t s  w i th  f u r t h e r  GSHG to 
l i b e r a t e  a n o t h e r  io n  and GSSG. GSSG was th e n  e n z y m i c a l l y  r e d u c e d  to  GSH 
by GSSG r e d u c t a s e ,  i n c l u d e d  i n  t h e  a s s a y  m i x t u r e ,  and t h i s  GSH then  
r e - e n t e r s  t h e  main r e a c t i o n  c y c l e .  The r a t e  o f  f o r m a t i o n  o f  t h e  y e l l o w  
i o n  p r o d u c t  i s  p r o p o r t i o n a l  to  t h e  c o n c e n t r a t i o n  o f  g l u t a t h i o n e  i n  the  
sample (Owens and B e l c h e r ,  1965) .
O x id ized  g l u t a t h i o n e  (GSSG) and mixed d i s u l p h i d e s  were d e t e r m i n e d  by 
masking GSH by d e r i v i t i z a t i o n  w i t h  2 - v i n y l  p y r i d i n e  p r i o r  to  t h e  a s s a y  as 
d e s c r i b e d  above ( G r i f f i t h ,  1980) .
T i s s u e s  i n  which g l u t a t h i o n e  c o n c e n t r a t i o n s  were to  be  d e t e r m i n e d  
were homogenized a t  10% w/v i n  a p r o t e i n  p r e c i p i t a n t  o f  1.67% w/v m e ta -  
p h o s p h o r i c  a c i d  i n  s a t u r a t e d  s a l i n e  s o l u t i o n  c o n t a i n i n g  0.2% w/v EDTA. 
The homogenate  was c e n t r i f u g e d  a t  2500 rpm f o r  15 min and t h e  s u p e r n a t a n t  
u sed  f o r  a s s a y .  A l l  samples  were r e f r i g e r a t e d  a t  4°  C and a s s a y e d  w i t h i n  
24 h o u r s  o f  remova l  f rom dono r  mice .
To a s c e r t a i n  g l u t a t h i o n e  c o n c e n t r a t i o n s ,  d u p l i c a t e  r e a c t i o n  m i x t u r e s  
c o m p r i s i n g  0.21  mM NADPH, 0 . 6  mM DTNB, 40 mM Na^HPO^, 0 .1  M Na p h o s p h a te  
b u f f e r  (PH 7 . 5 )  and 0 .1  ml o f  sample ( s u i t a b l y  d i l u t e d  i n  m e t a p h o s p h o r i c  
a c i d  r e a g e n t )  i n  t o t a l  volumes o f  1 .0  ml were p r e i n c u b a t e d  a t  30° C. The 
Na^HPO^ was i n c l u d e d  i n  t h e  r e a c t i o n  m i x t u r e  to  n e u t r a l i z e  t h e  m e ta -  
p h o s p h o r i c  a c i d .  The r e a c t i o n  was s t a r t e d  by a d d i t i o n  o f  0 . 5  u n i t s  
(Sigma) o f  GSSG r e d u c t a s e  (lOjLtl) and th e  change  i n  a b s o r b a n c e  a t  412 nm 
( a t  30° C i n  a h e a t e d  c u v e t t e )  m o n i t o re d  u s i n g  a  s p e c t r o p h o t o m e t e r ,  and 
r e c o r d e d  on a c h a r t  r e c o r d e r .  The g r a d i e n t  o f  t h e  l i n e a r  p o r t i o n  o f  t h e  
c h a r t - r e c o r d e r  t r a c i n g s  c o r r e s p o n d e d  to  t h e  g l u t a t h i o n e  c o n c e n t r a t i o n  o f  
t h e  s a m p le s ,  which was e v a l u a t e d  by com par i son  w i th  t h e  g r a d i e n t s  
p roduced  by known GSSG s t a n d a r d s  ( 0 . 5 - 5 . 0  n m o le s ) .  I n  d e t e r m i n a t i o n s  o f  
GSSG c o n c e n t r a t i o n ,  the  d e r i v i t i z a t i o n  o f  GSH was a c h i e v e d  by i n c u b a t i n g
t h e  samples  w i t h  0.2% v / v  2 - v m y l  p y r i d i n e  f o r  20-30 mm a t  25 C, pH 
6 - 7 .  The c o n t e n t  o f  GSH was e s t i m a t e d  by s u b t r a c t i n g  t h e  GSSG c o n t e n t  
(GSH e q u i v a l e n t s )  f rom th e  t o t a l  g l u t a t h i o n e  (GSH e q u i v a l e n t s )  o f  the  
sample.  Recovery  o f  known a d d i t i o n s  o f  GSH from samples  o f  l i v e r  
homogena te ,  as  d e t e r m i n e d  by t h e  above p r o c e d u r e  was >90%.
P r o t e i n :
a )  Method u s i n g  Coomassie  b l u e  ( S p e c t o r ,  1978)
I n  t h e  i n i t i a l  s t u d i e s  o u t l i n e d  i n  t h i s  t h e s i s ,  p r o t e i n  
c o n c e n t r a t i o n  was d e t e r m i n e d  by a r e c e n t l y - d e v e l o p e d  p r o c e d u r e  u s i n g  
Coomassie  b l u e  r e a g e n t  ( S p e c t o r ,  1978) .  Th is  r e l a t i v e l y  q u i c k  and 
c o n v e n i e n t  method i n v o l v e s  t h e  a d d i t i o n  o f  1 ml dye r e a g e n t  ( c o m p r i s i n g  
0.01% w/v  Coomassie  B r i l l i a n t  b l u e  G-250,  4.7% w/v e t h a n o l  and 8.5% w/v 
o r t h o p h o s p h o r i c  a c i d )  to  0 .1  ml o f  sample a p p r o p r i a t e l y  d i l u t e d  in  0 .1  M 
p h o s p h a te  b u f f e r  (pH 7 . 0 ) .  The r e a c t i o n  m i x t u r e s  were mixed by V o r t e x  and 
th e  o p t i c a l  a b s o r p t i o n  a t  595nm d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  w i t h i n  
5-20 rain. P r o t e i n  c o n c e n t r a t i o n s  were t h e n  e s t i m a t e d  by c o m p a r i s o n  w i t h  a 
ran g e  (0 -20  jttg) o f  p r o t e i n  ( b o v in e  serum a lb u m in ;  BSA) s t a n d a r d s .
b)  Method u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  (Lowry e t  a l , (1951)
Samples were d i l u t e d  a p p r o p r i a t e l y  i n  d i s t i l l e d  w a t e r  t o  w i t h i n  t h e  
r an g e  o f  t h e  a s s a y .  A l k a l i n e  coppe r  r e a g e n t ,  c o m p r i s i n g  100ml o f  2% w/v 
^ 2 ^ 2  i n  0 .0 5  M NaOH, 1ml o f  1% w/v CuSO^, and 1ml o f  2% w/v  Na t a r t r a t e  
was f r e s h l y  p r e p a r e d .  A l i q u o t s  (0 .4m l )  o f  d i l u t e d  samples  and a r a n g e  
(5-25  jttg) o f  BSA s t a n d a r d s  was d i s p e n s e d ,  i n  d u p l i c a t e ,  i n t o  t e s t - t u b e s .  
A l k a l i n e  coppe r  r e g e n t  (2ml)  was added to  each  tu b e  and t h e  c o n t e n t s  
mixed by V o r t e x .  A f t e r  10 min,  F o l i n - C i o c a l t e u 1s p h e no l  r e a g e n t  ( 0 . 2 m l ) ,  
f r e s h l y  d i l u t e d  2 :3  i n  w a t e r ,  was p i p e t t e d  i n t o  each  a s s a y  t u b e  and th e n  
v o r t e x e d .  The r e a c t i o n  m i x t u r e s  were l e f t  f o r  30 min a t  room t e m p e r a t u r e .  
The o p t i c a l  a b s o r b a n c e s  a t  500nm were t h e n  r e a d  a g a i n s t  a b l a n k  i n  which
w a t e r  had been  s u b s t i t u t e d  f o r  p r o t e i n  s o l u t i o n .  The p r o t e i n  
c o n c e n t r a t i o n s  o f  t h e  samples  were t h e n  d e t e r m i n e d  by com par ing  t h e i r  
o p t i c a l  a b s o r b a n c e s  w i t h  t h o s e  o f  t h e  s t a n d a r d s .
The p r o t e i n  a s s a y  u s i n g  Coomassie  b r i l l i a n t  b l u e  dye h a s  the  
a d v a n ta g e  o v e r  t h e  p r o c e d u r e  u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  (Lowry e t  a l , 
1951) b e c a u s e  i t  i s  a r e l a t i v e l y  more c o n v e n i e n t  method t o  o p e r a t e ,  and 
i s  f o u r  t im es  more s e n s i t i v e  ( B r a d f o r d ,  1 9 7 6 ) .  There  were however 
d i s c r e p e n c i e s  b e tw een  the  p r o t e i n  c o n c e n t r a t i o n s  e s t i m a t e d  by t h e  two 
d i f f e r e n t  methods ( s e e  R e s u l t s ) .  The p r o c e d u r e  o f  Lowry and c o -w o rk e r s  i s  
c o n s i d e r a b l y  more e s t a b l i s h e d  than  th e  method u s i n g  Coomassie  b l u e  
r e a g e n t .  Comparison o f  r e s u l t s  w i th  t h o s e  p u b l i s h e d  i n  t h e  b i o m e d ic a l  
l i t e r a t u r e  can thus  be a c h e iv e d  more r e a d i l y  w i t h  v a l u e s  indexed  to 
p r o t e i n  c o n c e n t r a t i o n s  d e t e r m i n e d  by th e  s t a n d a r d  Lowry method than  u s in g  
Coomassie  b l u e  r e a g e n t .  The Lowry p r o c e d u r e  was t hus  employed p r e f e r e n t ­
i a l l y  f rom a r e l a t i v e l y  e a r l y  s t a g e  o f  t h e  p r e s e n t  s t u d i e s .  The t a b l e s  o f  
r e s u l t s  t h a t  f o l l o w  t h e  p r e s e n t  s e c t i o n  i n d i c a t e  t h e  method o f  p r o t e i n  
a s s a y ,  where  a p p l i c a b l e .
L i p o p e r o x i d e  c o n c e n t r a t i o n :  The c o n c e n t r a t i o n  o f  l i p o p e r o x i d e s
( t h i o b a r b i t u r i c  a c i d - r e a c t i v e  m a t e r i a l )  was e s t i m a t e d  by a  p r o c e d u r e  in  
which samples  were h e a t e d  unde r  m i l d l y  a c i d i c  c o n d i t i o n s  to  r e l e a s e  
i n t e r m e d i a t e s  o f  p e r o x i d e  o r i g i n  which form m a l o n d i a l d e h y d e  (MDA). One 
mole MDA r e a c t s  w i t h  two moles  o f  t h i o b a r b i t u r i c  a c i d  (TBA) to  form a 
ch romogenic  a d d u c t  which has  c h a r a c t e r i s t i c  f l u o r e s c e n c e  ( G u t t e r i d g e ,  
1982a ) .
A l l  g l a s s w a r e ,  u sed  i n  the  a s s a y  p r o c e d u r e ,  was a c i d - w a s h e d  to  
remove any r e s i d u a l  d e t e r g e n t  f rom u s u a l  w a s h i n g ,  t h a t  c o u ld  c a u se  
f l u o r e s c e n t  i n t e r f e r e n c e .  Samples ( 0 .1 m l )  , i n  d u p l i c a t e ,  were added to
2.4ml o f  0 .1  M p o t a s s i u m  hyd rogen  p h t h a l a t e  b u f f e r  pH 3 . 5  i n  s c re w -c a p p ed  
t e s t  t u b e s :  2 .5ml o f  1% w/v TBA i n  0 .0 5  M NaOH was p i p e t t e d  i n t o  the
r e a c t i o n  tu b e s  which were t h e n  s e a l e d  w i t h  t e f l o n - l i n e d  sc rew  c a p s .  The 
tu b es  were i n c u b a t e d  f o r  15 min a t  100° C. A f t e r  c o o l i n g  to  room 
t e m p e r a t u r e ,  the  f l u o r e s c e n t  r e a c t i o n  p r o d u c t s  were e x t r a c t e d  i n t o  4ml o f  
b u t a n - l - o l  . A r a n g e  ( 0 . 1 2 5 - 1 . 0 0  nmol)  o f  m a lona lde hyde  b i s - [ d i m e t h y l  
a c e t a l ]  s t a n d a r d s  ( 1 , 1 , 3 , 3  t e t r a m e t h o x y p r o p a n e )  i n  2 .5ml p h t h a l a t e  b u f f e r  
was s i m i l a r l y  i n c u b a t e d  w i th  2 .5ml o f  TBA and t h e  TBA/MDA f l u o r o p h o r e  
e x t r a c t e d  i n t o  4ml o f  b u t a n - l - o l  . The c o n c e n t r a t i o n s  o f  T B A - r e a c t i v e  
s u b s t a n c e s  i n  t h e  samples  were e v a l u a t e d  by com par i son  o f  t h e i r  s p e c t r o -  
f l u o r e s c e n c e . (535 nm e x c i t a t i o n  and 553 nm e m i s s i o n )  w i t h  t h o s e  o f  t h e  
s t a n d a r d s .
C a t a l a s e :  C a t a l a s e  a c t i v i t y  (E^C^: ^2*^2 o x o r e d u c t a s e ;  E C l . 1 1 . 1 . 6 )  was
a s s a y e d  i n  t i s s u e  homogenates  by a p r o c e d u r e  i n  which  th e  c o n c e n t r a t i o n  
o f  u n r e a c t e d  s u b s t r a t e ,  ^2^2 waS m ea su re ^ by r e a c t i o n  w i t h  e x c e s s  
p o t a s s i u m  perm angana te  (KMnO^). The c o n c e n t r a t i o n  t h e  r e s i d u a l  KMnO^ was 
t h e n  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  (Cohen e t  a l , 1970) .
RLung and tumour homogenates  were d i l u t e d  w i th  i c e - c o l d  t r i t o n  X-100
s o l u t i o n  to  g i v e  a f i n a l  t i s s u e  c o n c e n t r a t i o n  o f  2 . 5 - 5 . 0  % wet  w t / v o l  and 
Rt r i t o n  c o n c e n t r a t i o n  o f  1.0% w/v.  The samples  were t h e n  s o n i c a t e d  a t  
maximum o u t p u t  f o r  3 b u r s t s  o f  15 s e c .  S o n i c a t i o n  and t h e  r e a c t i o n  
p r o c e d u r e  were c a r r i e d  ou t  ove r  an i c e  w a t e r  b a t h  ( 0 - 2 °  C).
D u p l i c a t e  a l i q u o t s  ( 0 .2 5 m l )  o f  t h e  d i l u t e d  samples  were p i p e t t e d  
i n t o  t e s t  t u b e s .  The enzymic r e a c t i o n  was s t a r t e d  s e q u e n t i a l l y  a t  t imed  
i n t e r v a l s  (10 s e c )  by a dd ing  0.25ml  o f  6 mM ^£^2 i n  0 .01  M p o t a s s i u m  
p h o s p h a te  b u f f e r ,  pH 7 .0 :  a f t e r  e x a c t l y  3 min,  t h e  r e a c t i o n s  were  s t o p p e d  
by r a p i d  a d d i t i o n  o f  0 .5ml o f  3 M and mix ing  by V o r t e x .
A p h o t o m e t r i c  s t a n d a r d  was p r e p a r e d  by p i p e t t i n g  3 .5 m l  o f  1 mM KMnO^ 
i n t o  10 mM 2.5ml o f  p h o s p h a te  b u f f e r ,  0 .5 m l  o f  3 M and d i l u t e d
t i s s u e  0 .25m l o f  homogenate .  An a l i q u o t  o f  t h e  s t a n d a r d  was p l a c e d  i n t o  a
f l o w - t h r o u g h  c u v e t t e  and th e  d i g i t a l  s p e c t r o p h o t o m e t r i c  r e a d i n g ,  a t  an
a b s o r b a n c e  o f  480 nm, f o r  c o n v e n ie n c e  a d j u s t e d  to  be 1 . 0 .  Each r e a c t i o n
tube  was t h e n  t a k e n  one a t  a t ime and 3 .5m l  o f  1 mM KMnO. added .  The— 4
a b s o r b a n c e  a t  480 nm was d e t e r m i n e d  w i t h i n  30 -60  s e c  o f  m ix ing  by V o r t e x .  
Z e r o - t i m e  s t a n d a r d s  were p r e p a r e d  by add in g  HqSO^ t o  r e a c t i o n  m i x t u r e s  
b e f o r e  t h e  a d d i t i o n  o f  b u f f e r e d
Under t h e  c o n d i t i o n s  o f  the  a s s a y ,  t h e  d e c o m p o s i t i o n  o f  HqOq by 
c a t a l a s e  f o l l o w s  f i r s t  o r d e r  k i n e t i c s .  Enzyme a c t i v i t i e s  i n  tumour and 
lung  hom ogena tes ,  was thus  e x p r e s s e d  as  a f u n c t i o n  o f  t h e  f i r s t  o r d e r  
r e a c t i o n  r a t e  c o n s t a n t  (k)  a t  2 ± 1° C, pH 7 .4 :
k= Loge ( Sq/  S3 ) / t
w h e r e :-
t  i s  t h e  r e a c t i o n  t ime (3 min)
Sq i s  t h e  s u b s t r a t e  c o n c e n t r a t i o n  i n  a b s o r b a n c e  u n i t s  a t  z e r o  t ime
Sq i s  t h e  s u b s t r a t e  c o n c e n t r a t i o n  i n  a b s o r b a n c e  u n i t s  a t  3 min.
When s t a n d a r d  b o v in e  c a t a l a s e  (Sigma) was a s s a y e d  i n  t h e  p r e s e n c e  o f  
l i v e r  o r  Lewis lung  ca rc inom a  hom ogena tes ,  o f  p r e d e t e r m i n e d  c a t a l a s e  
a c t i v i t i e s ,  t h e r e  was no s i g n i f i c a n t  l o s s  o f  c a t a l a s e  a c t i v i t y .
G l u c o s e - 6 - p h o s p h a t e  d e h yd roge na se :  G l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e
a c t i v i t y  was a s s a y e d  by a s t a n d a r d  s p e c t r o p h o t o m e t r i c  method i n  which t h e  
r a t e  o f  f o r m a t i o n  o f  NADPH was m o n i to re d  by d e t e r m i n i n g  t h e  i n c r e a s e  in  
a b s o r b a n c e  a t  340 nm (Lohr  and W a l l e r ,  1974) .
C y t o s o l i c  f r a c t i o n s ,  f rom tumour and lung  homogena te ,  were d i a l y z e d
o v e r n i g h t  a t  4°  C a g a i n s t  1.15% w/v KCl in  50 mM t r i e t h a n o l a m i n e  b u f f e r ,  
pH 7 .5  c o n t a i n i n g  0 . 6  mM EDTA. To d u p l i c a t e  0 .1ml  a l i q u o t s  o f  sample ,  
1 .64  mM NADP ( 0 .9 m l )  i n  t h e  d i a l y s i s  b u f f e r ,  c o n t a i n i n g  1 3 .2  mM 
m a le im id e ,  was added.  Male imide  was i n c l u d e d  to  i n h i b i t  6 - p h o s p h o -
g l u c o n a t e  d e h y d ro g e n a s e  a c t i v i t y  (EC .1 . 1 . 1 . 4 4 ) ,  which m ig h t  a l s o  p ro d u ce  
NADPH. The c o n t e n t s  o f  t h e  r e a c t i o n  tu b es  were mixed ( V o r t e x )  and l e f t  to  
s t a n d  a t  37° C f o r  5-10  min.  The r e a c t i o n  was i n i t i a t e d  by t h e  a d d i t i o n
o f  2ml o f  1 .05 mM g l u c o s e - 6 - p h o s p h a t e ,  in  t r i e t h a n o l a m i n e  b u f f e r ,  t o  each
tu b e ,  a t  t imed  i n t e r v a l s .  Each r e a c t i o n  m i x t u r e ,  a f t e r  r a p i d  v o r t e x i n g ,  
was p l a c e d  i n t o  a h e a t e d  c u v e t t e  (37°  C) o f  a s p e c t r o p h o t o m e t e r  and the
a b s o rb a n c e  a t  340 nm d e t e r m i n e d  a g a i n s t  a w a t e r  b l a n k .  The r e a c t i o n
m i x t u r e s  were i n c u b a t e d  a t  37° C and t h e i r  a b s o r b a n c e s  a t  340 nm
r e d e t e r m i n e d  a t  5 and 10 min a f t e r  the  i n i t i a t i o n  o f  t h e  r e a c t i o n .  The 
mean change i n  a b s o rb a n c e  ove r  the  10 min r e a c t i o n  p e r i o d  was c a l c u l a t e d  
f o r  each sample .  NADPH c o n c e n t r a t i o n  was e v a l u a t e d  from t h e  m o la r  
e x t i n c t i o n  c o e f f i c i e n t  f o r  NADPH a t  37° C ( 9 .4 2  x 10 / c m ) .  S p e c i f i c
g l u c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e  a c t i v i t i e s  were e x p r e s s e d  as  nmol NADPH 
fo rm ed /  min p e r  mg c y t o s o l i c  p r o t e i n  a t  37° C, pH 7 .5 .
GSH p e r o x i d a s e :  G l u t a t h i o n e  p e r o x i d a s e  a c t i v i t y  (GSH p e r o x i d a s e ;  EC
1 . 1 1 . 1 . 9 )  was a s sa y e d  by a p r o c e d u r e  i n  which the  r a t e  o f  enzymic
o x i d a t i o n  o f  t h e  c o - s u b s t r a t e ,  GSH was a s c e r t a i n e d  (Hafeman e t  a l , 1974 ) .  
The GSH c o n c e n t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e s ,  a t  t imed  i n t e r v a l s  a f t e r  
t h e  i n i t i a t i o n  o f  the  r e a c t i o n ,  were d e te r m in e d  u s i n g  t h e  r e a c t i o n  o f  GSH 
w i t h  DTNB to  form a y e l l o w  p r o d u c t  o f  c h a r a c t e r i s t i c  a b s o r b a n c e  a t  412 nm 
( s e e  e a r l i e r  unde r  g l u t a t h i o n e ) .
M i t o c h o n d r i a l  p e l l e t s  were r e s u s p e n d e d  in  1.15% w/v KCl i n  0 . 1  M
Rsodium p h o s p h a te  b u f f e r ,  pH 7 .4  c o n t a i n i n g  0.5% w/v t r i t o n  X-100 t o  a 
c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  1 mg p r o t e i n /  ml,  and s o n i c a t e d  as  
d e s c r i b e d  p r e v i o u s l y .  C y t o s o l i c  f r a c t i o n s  from tumour and lung  t i s s u e ,
were d i l u t e d  i n  1.15% w/v KCl to  a p p r o x i m a t e l y  5% o r i g i n a l  t i s s u e  w t / v o l .
R e a c t i o n  m i x t u r e s  (4ml)  c o m p r i s i n g  0 .5ml  o f  s am ple ,  2ml o f  1 mM GSH, 
lml  o f  0 . 4  M sodium p h o s p h a te  b u f f e r ,  pH 7 .0  and 0 .5m l  o f  10 mM NaN^ were 
mixed by V o r t e x  and i n c u b a t e d  a t  37°  C f o r  5 min.  NaN^ was i n c l u d e d  to  
i n h i b i t  any c a t a l a s e  a c t i v i t y  p r e s e n t  i n  t h e  sample (Hafeman e t  a l , 
1974) .  R e a c t i o n s  were i n i t i a t e d  a t  t imed  i n t e r v a l s  by t h e  a d d i t i o n  o f  lml  
o f  1 .25 mM (prewarraed to  37° C). At  i n t e r v a l s  o f  3 , 6 , 9  and 12 min
a f t e r  p e r o x i d e  a d d i t i o n ,  a l i q u o t s  ( l m l )  were p i p e t t e d  o u t  o f  t h e  r e a c t i o n  
m i x t u r e s  i n t o  t e s t  tu b es  c o n t a i n i n g  4ml o f  1.67% w/v m e t a p h o s p h o r i c  a c i d ,  
i n  a s a t u r a t e d  s o l u t i o n  o f  NaCl c o n t a i n i n g  0 . 4  mM EDTA. The m eta ­
p h o s p h o r i c  a c i d - c o n t a i n i n g  tubes  were were c e n t r i f u g e d  a t  2500 rpm f o r  15 
min to  p r e c i p i t a t e  t h e  m acromolecu le  c o n t e n t s  o f  t h e  m i x t u r e s .  A 2ml 
a l i q u o t  o f  t h e  c l e a r  s u p e r n a t a n t  f rom each tu b e  was then  added to  t u b e s ,  
c o n t a i n i n g  2ml o f  0 . 4  M Na2HP0^, to  n e u t r a l i z e  t h e  a c i d :  1 mM DTNB ( l m l ) ,  
i n  1% w/v t r i s o d i u m  c i t r a t e ,  was p i p e t t e d  s e q u e n t i a l l y  i n t o  t h e  tu b es  
and ,  a f t e r  mix ing  by V o r t e x ,  t h e  s p e c t r o p h o t o m e t r i c  a b s o r b a n c e  a t  412 nm 
o f  t h e  m i x t u r e s  was d e t e r m i n e d .  B la nks ,  w i th  b o i l e d  t i s s u e  sample 
s u b s t i t u t e d  f o r  enzyme s o u r c e ,  were c a r r i e d  t h ro u g h  t h e  a s s a y  p r o c e d u r e ,  
s i m u l t a n e o u s l y  w i th  t h e  sam ples ,  to  e v a l u a t e  non-enzym ic  o x i d a t i o n  o f  GSH 
by Zero t ime s t a n d a r d s  were p r e p a r e d  by s u b s t i t u t i n g  ^ 0  f o r  ^2® 2
i n  t h e  r e a c t i o n  m i x t u r e s .  A ran g e  (25-500 juM) o f  GSH s t a n d a r d s  i n  m eta ­
p h o s p h o r i c  a c i d  was mixed 2 : 2 : 1  by volume w i t h  0 . 4  M Na2HP0^ and 1 mM 
DTNB r e s p e c t i v e l y .  The GSH c o n c e n t r a t i o n s  o f  t h e  r e a c t i o n  m i x t u r e s ,  a t  
t h e  v a r i o u s  t im es  a f t e r  i n i t i a t i o n  o f  t h e  r e a c t i o n ,  were t h e n  e v a l u a t e d  
by c om par i son  w i t h  t h e  a b s o rb a n c e s  o f  t h e  above s t a n d a r d s .  A u n i t  o f  GSH 
p e r o x i d a s e  a c t i v i t y  (EU) was d e f i n e d  as t h e  d e c r e a s e  i n  iog^o 
GSH c o n c e n t r a t i o n  p e r  min a t  37° C, pH 7 .0  ( a f t e r  c o r r e c t i o n  f o r  non -  
enzymic GSH o x i d a t i o n ) ,  m u l t i p l i e d  by 1000 (Hafeman e t  a l , 1974) .
GSSG r e d u c t a s e :  G l u t a t h i o n e  r e d u c t a s e  a c t i v i t y  (NADPH: GSSG o x i d o -
LcuuLuaae;  ill, x . o . m- .z ; was d e te r m in e d  by a method which  a s s e s s e d  the 
o x i d a t i o n  o f  NADPH f o l l o w i n g  the  a d d i t i o n  o f  GSSG to  t h e  r e a c t i o n  m i x t u r e  
( C a r l b e r g  and Mannerv ik ,  1975) .  NADPH o x i d a t i o n  was m easu red  by 
d e t e r m i n i n g  th e  a b s o r b a n c e  change a t  340 nm.
T i s s u e  homogenates  (50-100  fxl) were d i l u t e d  i n  0 . 1  M sodium 
ph o s p h a te  b u f f e r ,  pH 7 .4  to  a volume o f  9ml. The samples  were c e n t r i f u g e d  
a t  2500 rpm f o r  15 min.  D u p l i c a t e  a l i q u o t s  (3ml)  were removed from the  
s u p e r n a t a n t s  and p l a c e d  i n  t e s t  t u b e s .  To each a l i q u o t  was added 0 .1ml 
0 . 3  nM FAD and 0 . 2  ml o f  2 mM NADPH. The m i x t u r e s  were p r e - i n c u b a t e d  a t
37° C f o r  5 min,  and then  th e  r e a c t i o n s  were i n i t i a t e d  by a d d i t i o n  of
0.1ml o f  7 .6  mM GSSG. The change i n  o p t i c a l  a b s o r b a n c e  a t  340 nm o f  the  
r e a c t i o n  m i x t u r e s  be tw een  1 and 9-16 min a f t e r  i n i t i a t i o n ,  were
de t e r m i n e d  a g a i n s t  b l a n k s  c o n t a i n i n g  3 .3ml o f  b u f f e r  p l u s  sample  m i x t u r e
o n ly .  The d i l u t i o n  o f  t h e  samples  was s u f f i c i e n t  to  p ro d u ce  a change  in  
a b s o rb a n c e  o f  0 . 0 2 - 0 . 0 5  u n i t s /  min.  G l u t a t h i o n e  r e d u c t a s e  (GSSG 
r e d u c t a s e )  a c t i v i t y  was c a l c u l a t e d  from t h e  a b s o r b a n c e  changes  o f  the  
r e a c t i o n  m i x t u r e s ,  u t i l i z i n g  the  s t a n d a r d  m ola r  e x t i n c t i o n  c o e f f i c i e n t  
f o r  NADPH, a t  37°  C, o f  9 .4 2  x 10^ / cm. A c t i v i t i e s  were e x p r e s s e d  as  the  
d i s a p p e a r a n c e  ( o x i d a t i o n )  o f  NADPH/ min, p e r  mg p r o t e i n ,  a t  37° C, pH 
7 . 4 .
Gam m a-g lu tam y lcys te ine  s y n t h e t a s e :  ' y - G l u t a m y l c y s t e i n e  s y n t h e t a s e
( L - g l u t a m a t e :  L - c y s t e i n e  ' y l i g a s e  [ADP]; EC 6 . 3 . 2 . 2 )  i s  t h e  r a t e - l i m i t i n g  
enzyme i n  t h e  b i o s y n t h e s i s  o f  g l u t a t h i o n e .  Y- Gl-utamy b c y s t e i n e , p roduced  
by Y - g l u t a m y l c y s t e i n e  s y n t h e t a s e ,  i s  l i n k e d  to  a g l y c i n e  r e s i d u e  by 
g l u t a t h i o n e  s y n t h e t a s e  ( ' y - L - g l u t a m y l - L - c y s t e i n e :  g l y c i n e  l i g a s e  [ADP]; EC
6 . 3 . 2 . 3 )  to  form g l u t a t h i o n e  ( M e i s t e r  and Anderson ,  1983) .
Y- G l u t a m y l c y s t e i n e  s y n t h e t a s e  a c t i v i t y  was a s c e r t a i n e d  by
. . . . .  14d e t e r m i n i n g  th e  r a d i o a c t i v i t y  due to  enzymic a d d i t i o n  o f  C - g l u t a m a t e  to
c y s t e i n e  ( P a n i k e r  and B e u t l e r ,  1972) .  Samples ( c y t o s o l )  were d i a l y z e d
o v e r n i g h t ,  a t  4°  C, a g a i n s t  1.15% w/v KC1 i n  0 .1  M p o t a s s i u m  p h o s p h a te
b u f f e r ,  pH 7 . 4 .  R e a c t i o n  m i x t u r e s ,  i n  d u p l i c a t e ,  c o n t a i n e d  0 .1  M
i m i d a z o l e /  HC1 b u f f e r ,  pH 8 .25  , 20 mM MgCl^, 4 mM ATP, 10 mM c y s t e i n e ,  5 
mM d i t h i o t h r e i t o l , 1.15% w/v KC1, 10 mM ^ C - g l u t a m a t e  ( c o n t a i n i n g  0 .278  
kBq/ mmol) and 0 .2ml o f  c y t o s o l  to  a t o t a l  volume o f  1 .0m l.  C y s t e i n e  was 
t i t r a t e d  w i t h  h y d r o x id e  to n e u t r a l i t y  b e f o r e  add in g  to  t h e  r e a c t i o n  
m i x t u r e s .  D i t h i o t h r e i t o l  ( C l e l a n d ' s  r e a g e n t )  was i n c l u d e d  i n  t h e  a s s a y
sys tem  to  h e l p  to  m a i n t a i n  s u l p h y d r y l s  i n  a r educed  s t a t e .  The r e a c t i o n s
. . .  . . 14 .were i n i t i a t e d  by a d d i t i o n  o f  0 .1ml o f  C - g l u t a m a t e .  The r e a c t i o n s  were
t e r m i n a t e d ,  a f t e r  i n c u b a t i o n  a t  37°  C f o r  60 min,  by add ing  1ml o f  10% 
w/v t r i c h l o r o a c e t i c  a c i d  (TCA) t o  t h e  a s s a y  m i x t u r e s .  The m i x t u r e s  were 
t h e n  c e n t r i f u g e d  a t  1500 rpm f o r  15 min.  To a l i q u o t s  o f  t h e  s u p e r n a t a n t  
( 1 .5 m l )  were added 0 .1m l  of  0 . 2  M GSH, 0 .1ml o f  0 .75  M CdSO^ , 50/X.l o f  
0.04% w/v b r o m o c r e s o l  g r e e n  i n d i c a t o r  and 50jU,l o f  0.04% b r o m o c r e s o l  
p u r p l e  i n d i c a t o r  were added:  t h e  m i x t u r e s  were t h e n  t i t r a t e d  w i t h  0 . 5  M
NaOH, w h i l e  c o n s t a n t l y  mix ing  by V o r t e x ,  u n t i l  t h e  c o l o u r  became b l u e -  
g r e e n  ( a q u a m ar in e ,  pH 5 .2 5  + 0 . 0 5 ) .  I f  a b l u e  c o l o u r  was r e a c h e d ,  t h e
r e a c t i o n  m i x t u r e  was back  t i t r a t e d  w i th  7% w/v TCA (Minnich e t  a l , 1971 ) .  
The m i x t u r e s  were c e n t r i f u g e d  a t  2500 rpm f o r  15 min,  and t h e  
p r e c i p i t a t e s ,  c o n t a i n i n g  t h e  c a l c i u m  m e r c a p t i d e  s a l t  o f
' y - g lu t a m y l c y s  t e i n e ,  were washed t h r e e  t im es  by r e s u s p e n s i o n  i n  2ml o f  
0.9% w/v NaCl and c e n t r i f u g a t i o n .  The washed p r e c i p i t a t e s  were d i s s o l v e d  
i n  0 .25ml  o f  7% w/v TCA and and t r a n s f e r r e d  to  s c i n t i l l a t i o n  v i a l s .  The
i n s i d e  o f  t h e  tubes  was washed o u t  w i t h  f u r t h e r  TCA (0 .2 5 m l )  and two 5ml
R . . 14p o r t i o n s  o f  T r i t o s c m t  s c i n t i l l a t i o n  f l u i d .  The C - r a d i o a c  t i v i t y
a s s o c i a t e d  w i t h  t h e  ' y - g l u t a m y l c y s t e i n e ,  was d e t e r m i n e d  by a l i q u i d
s c i n t i l l a t i o n  c o u n t e r .  The c o u n t s  were c o r r e c t e d  by s u b t r a c t i n g  b l a n k s  i n
which t h e  c y s t e i n e  o f  t h e  r e a c t i o n  m i x t u r e s  had be e n  r e p l a c e d  by w a t e r .
The c o n c e n t r a t i o n s  o f  ' y - g l u t a m y l c y s t e i n e  were c a l c u l a t e d  by c o m p a r i s o n
w i t h  t h e  r a d i o a c t i v i t y  o f  a r a n g e  o f  ^ C - g l u t a m a t e  s t a n d a r d s .
' y - G l u t a m y lc y s t e i n e  s y n t h e t a s e  a c t i v i t y  was e x p r e s s e d  as  nmol ' y - g lu t a m y l ­
cys t e i n e  formed /min  a t  37°  C, pH 8 .2 5 .
Gamma-glutamyl  t r a n s p e p t i d a s e :  ^yGlu tam yl  t r a n s p e p t i d a s e  ( [ 5 - g l u t a m y l ] -
p e p t i d e :  amino a c i d  5 - g l u t a m y l t r a n s f e r a s e ;  EC 2 . 3 . 2 . 2 . )  c a t a l y z e s  the
t r a n s f e r  o f  a  ' y - g lu t a m y l  r e s i d u e  from a ' y - g l u t a m y l - c o n t a i n i n g  donor
m o le c u le  to  a  number o f  p o s s i b l e  amino a c i d s  o r  p e p t i d e s  ( T a t e  and
M e i s t e r ,  1974) .  The method to  d e t e r m i n e  ' y - g lu t a m y l  t r a n s p e p t i d a s e  
a c t i v i t y  u t i l i z e d  L-/y - g l u t a m y l - p - n i t r o a n i l i d e  as t h e  ' y - g l u t a m y l  donor  and 
g l y c y l g l y c i n e  as  t h e  a c c e p t o r  ( T a t e  and M e i s t e r ,  1974) .  The c o n c e n t r a t i o n
o f  p - n i t r o a n i l i n e  may then  be d e t e r m i n e d  v i a  i t s  c h a r a c t e r i s t i c
a b s o rb a n c e  a t  410 nm ( F u j i w a r a  e t  a l , 1982) .  I n  t i s s u e s  w i t h  r e l a t i v e l y  
low 'y - g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y ,  however ,  where  a r e l a t i v e l y  l a r g e  
sample m igh t  be r e q u i r e d ,  t h e r e  may be a p p r e c i a b l e  i n t e r f e r e n c e  a t  t h i s  
w a v e le n g th  ( N a f t a l i n  e t  a l , 1969) .  The p - n i t r o a n i l i n e  was t h e r e f o r e  
d i a z o t i z e d  a c c o r d i n g  to  a m o d i f i e d  B r a t t o n - M a r s h a l l  r e a c t i o n : -
1)  p - N i t r o a n i l i n e  + NaN02 + a c i d  ► Diazo compound
2) Diazo compound + N - ( l - n a p h t h y l ) - e t h y l e n e d i a m i n e  ► P i n k  azo dye
Employing the  B r a t t o n - M a r s h a l l  r e a c t i o n  a c h i e v e d  a g a i n  in  
s e n s i t i v i t y  o f  t h e  p r o c e d u r e  ( N a f t a l i n  e t  a l , 1969) .  The o p t i c a l  
a b s o rb a n c e  o f  t h e  azo dye a t  530-550 nm c o r r e s p o n d e d  to  t h e  c o n c e n t r a t i o n  
o f  p - n i t r o a n i l i n e .
To d e t e r m i n e  ' y - g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t y ,  0 .2ml a l i q u o t s  o f
sample ,  i n  t r i p l i c a t e ,  were i n c u b a t e d  a t  37° C f o r  5 min.  Samples  o f
homogenate ,  m i t o c h o n d r i a l  o r  m ic rosom al  f r a c t i o n  had 0.5% w/v ( f i n a l
Rc o n c e n t r a t i o n )  t r i t o n  X-100 added to  them: and were t h e n  s o n i c a t e d  to
o b t a i n  maximal a c t i v i t y  o f  <y-glutamyl  t r a n s p e p t i d a s e .  M i x t u r e s  ( 0 . 8 m l ,  
prewarmed to  37°  C),  c o n t a i n i n g  0 .1  M g l y c y l g l y c i n e  and 4 . 6  mM
' y - g l u t a m y l - p - n i t r o a n i l i d e  and 10 mM MgCl2 i n  80 mM T r i s /  HC1 b u f f e r ,  pH
7 . 8  were added ,  a t  t im ed  i n t e r v a l s ,  to  each  tu b e .  The c o n t e n t s  o f  t h e  
r e a c t i o n  t u b e s  were mixed t h o r o u g h l y  by V o r t e x .  The r e a c t i o n  o f  one tube  
from each t r i p l i c a t e  was t h e n  t e r m i n a t e d  a f t e r  e x a c t l y  one m in u te  o f  
i n c u b a t i o n  a t  37° C, by t h e  a d d i t i o n  o f  1ml 25% w/v TCA. The r e a c t i o n s  i n
t h e  r em a in in g  m i x t u r e s  were s i m i l a r l y  t e r m i n a t e d  a f t e r  a f u r t h e r  20 min
( sam ple s  o f  c y t o s o l ,  o b t a i n e d  from 10-20% w/v hom ogena tes ,  were i n c u b a t e d  
f o r  61 m in ) .  A f t e r  c e n t r i f u g a t i o n ,  an 8ml p o r t i o n  o f  t h e  s u p e r n a t a n t  f rom 
th e  r e a c t i o n  m i x t u r e s  was d i a z o t i s e d  by a d d i t i o n  o f  0 .8ml o f  58 mM sodium 
n i t r i t e .  Excess  n i t r i t e  was removed a f t e r  3 min by a d d i t i o n  o f  0 .8ml  o f  
0 .175  M ammonium s u lp h a m a te  to  each tu b e .  The d i a z o  compound was t hen  
c oup le d  to  p roduce  t h e  c o l o u r e d  dye by add ing  8ml o f  5 . 8  mM e t h a n o l i c  
N - ( - l - n a p h t h y l )  e t h y l e n e d i a m i n e  s o l u t i o n  2 min l a t e r .  A f t e r  th o ro u g h  
mixing by V o r t e x ,  t h e  o p t i c a l  a b s o rb a n c e s  a t  550 nm f o r  ea ch  m i x t u r e ,
g i v e n  a l o n g e r  i n c u b a t i o n ,  were measured a g a i n s t  t h e  c o r r e s p o n d i n g  sample 
i n c u b a t e d  ' f o r  1 min. C o r r e c t i o n s  were made f o r  t h e  non-enzymic  c l e a v a g e  
o f  the  ' y g l u t a m y l  m o ie ty  from ' y g l u t a m y l - p - n i t r o a n i l i n e  > by u s i n g  
r e a c t i o n  m i x t u r e s  c o n t a i n i n g  b o i l e d  t i s s u e  sample:  t h e s e  were a l l
r e l a t i v e l y  m in imal .  The c o n c e n t r a t i o n s  o f  p - n i t r o a n i l i n e  were d e t e r m i n e d
by compar ison  w i th  p - n i t r o a n i l i n e  s t a n d a r d s .  'y -Glu tamyl  t r a n s p e p t i d a s e  
a c t i v i t i e s  were e x p r e s s e d  as  nmol p - n i t r o a n i l i n e  formed p e r  min,  p e r  u n i t  
wt o f  p r o t e i n ,  a t  37° C, pH 7 . 8 .
G l u t a t h i o n e  S - e p o x i d e - t r a n s f e r a s e :  G l u t a t h i o n e  S - t r a n s f e r a s e s  (GSH-
t r a n s f e r a s e s ; EC 2 . 5 . 1 . 1 8 )  a r e  a group o f  enzymes w i t h  o v e r l a p p i n g
s u b s t r a t e  s p e c i f i c i t i e s ,  which c a t a l y z e  t h e  c o n j u g a t i o n  o f  GSH to  t h e
e l e c t r o p h i l i c  s i t e s  o f  p o t e n t i a l  a l k y l a t i n g  a g e n t s ,  and t h u s  i n c r e a s e
t h e i r  w a t e r  s o l u b i l i t y  (Habig e t  a l ,  1974) .  G S H - t r a n s f e r a s e  a c t i v i t y  was
d e t e r m i n e d  by u s i n g  t h e  a b i l i t y  o f  t h i s  enzyme(s )  to  t r a n s f e r  GSH t o  a 
14C - l a b e l l e d  epox ide  and t h e r e b y  r e n d e r  i t  w a t e r  s o l u b l e  (James  e t  a l , 
1976) .
C y t o s o l i c  f r a c t i o n s  o f  t h e  samples  were d i l u t e d  w i t h  1.15% w/v KC1 
to  a c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  2 .5  mg p r o t e i n  / m l .  D u p l i c a t e  
i n c u b a t i o n  m i x t u r e s ,  c o n t a i n i n g  767jxl o f  0 . 1  M N-
- [ 2 - h y d r o x y e t h y l ] - l - p i p e r a z e - e t h a n e s u l p h o n i c  a c i d  (Hepes)  b u f f e r ,  pH 7 . 2 ,  
100/ il  o f  50 mM GSH and lOCtyil o f  c y t o s o l  were p r e - i n c u b a t e d  f o r  5 min a t  
37° C. R e a c t i o n s  were i n i t i a t e d ,  a t  t imed i n t e r v a l s ,  by a d d in g  33pil o f  
10.41 mM [ 8 - ^ C ]  s t y r e n e  ox ide  (0 .185  MBq/ml) to  each  m i x t u r e .  The 
r e a c t i o n s  were t e r m i n a t e d  a f t e r  10 rain by a d d i t i o n  o f  e t h y l  a c e t a t e .  
(4 m l ) .  A f t e r  t h o rough  m ix ing ,  t h e  r a c t i o n  m i x t u r e s  ( i n  s c re w -c a p p ed  
v i a l s )  were p l a c e d  i n  the  deep f r e e z e  a t  - 2 0 °  C. An h o u r  l a t e r ,  t h e  
u n f r o z e n  o r g a n i c  l a y e r  was c a r e f u l l y  d e c a n t e d  o f f  and f r e s h  e t h y l  a c e t a t e  
(4ml)  added .  The v i a l s  were r e t u r n e d  to  a m b ie n t  t e m p e r a t u r e ,  and t h e i r  
c o n t e n t s  mixed and r e t u r n e d  to the  deep f r e e z e .  Th is  p r o c e d u r e  was
R
r e p e a t e d  and then  10ml o f  T r i t o s c i n t  s c i n t i l l a t i o n  f l u i d  was added to
14 . . •t h e  f r o z e n  aqueous l a y e r  o f  each v i a l .  The r e s i d u a l  C- r a d i o a c t i v i t y  
a s s o c i a t e d  w i th  the  GSH-conjuga ted  s t y r e n e  o x ide  was d e t e r m i n e d  by l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .  C o r r e c t i o n s  were made f o r  non-enzym ic  t r a n s f e r  of  
GSH, u s i n g  r e a c t i o n  m i x t u r e s  in  which t i s s u e  sample was r e p l a c e d  by 1.15% 
w/v KC1. The c o n c e n t r a t i o n  o f  t h e  c o n ju g a t e d  s t y r e n e  o x i d e  was d e t e r m i n e d  
by com par i son  w i t h  t h e  r a d i o a c t i v i t y  o f  known s t y r e n e  o x i d e  s t a n d a r d s .  
G S H - t r a n s f e r a s e  a c t i v i t y  was e x p r e s s e d  as  nmol s t y r e n e  oxide-GSH 
c o n j u g a t e  formed p e r  min,  p e r  mg c y t o s o l i c  p r o t e i n ,  a t  37° C, pH 7 . 2 .
S u p e r o x id e  d i s m u t a s e :  Sup e ro x id e  d i s m u t a s e  a c t i v i t y  (SOD; *0^ o x i d o -
r e d u c t a s e ;  EC 1 . 1 5 . 1 . 1 )  was a s c e r t a i n e d  u s i n g  a p h o t o c h e m ic a l  
a u g m e n t a t i o n  a s s a y  (M is ra  and F r i d o v i c h ,  1977) .  Th i s  p r o c e d u r e  can  be 
u s e d  to  d e t e r m i n e  a c t i v i t i e s  o f  Cu/Zn, Fe,  and Mn-SOD i soenzym es  (M is ra  
and F r i d o v i c h ,  1977; Benovic  e t  a l , 1983) .  The p r i c i p l e  o f  t h e  r e a c t i o n  
p r o c e d u r e  i s  shown b e l o w : -
J.J.CL-L. 11. i . \ .< ^ C L l~  L X U U  . . . .  w * .  > .  .  t v  t-r
•k
Rb + hv --------------------- ►' Rb (1)
Rb* •+ DH2 ------------------►RbH + DH (2)
DH* + DH* ----------------- >*D + DH2 (3)
Side Reaction
RbH + 0 2 ---------------------- >- .Rb + H+ + (4)
H+ + ’ 0 ~ + DH* --------- ----- ► DH2 + 0 2 (5)
The d y e ,  r i b o f l a v i n ,  when i l l u m i n a t e d  by v i s i b l e  l i g h t ,  a b s o r b s  
p r o t o n s  to  become e l e c t r o n i c a l l y  e x c i t e d  ( r e a c t i o n  1 ) .  The e x c i t e d
r i b o f l a v i n  (Rb ) t h e n  o x i d i z e s  d i a n i s i d i n e  to  y i e l d  a f l a v i n  s e m i - q u i n o n e  
and a d i a n i s i d i n e  r a d i c a l  (DH*; r e a c t i o n  2 ) .  U n i v a l e n t l y - o x i d i z e d
d i a n i s i d i n e  can  d i s rau te  to  to  a b r o w n - c o lo u r e d  p r o d u c t  (D; r e a c t i o n  3 ) ,
w i t h  c h a r a c t e r i s t i c  o p t i c a l  a b s o rb a n c e  a t  460 nm. F l a v i n  se m iq u in o n e s  
(RbH) however ,  r e a c t  w i th  0 2 to  to  form *02 w hich ,  i n  t u r n ,  r e d u c e s  the  
d i a n i s i d i n e  r a d i c a l  back  to  d i a n i s i d i n e  ( F r i d o v i c h ,  1983;  r e a c t i o n s  4 &
5 ) .  Under t h e  above c i r c u m s t a n c e s ,  the  r i b o f l a v i n - s e n s i t i z e d  p h o t o ­
o x i d a t i o n  o f  d i a n i s i d i n e  i s  s e l f - l i m i t i n g  and t h e  r e a c t i o n  p r o c e d e s  v e r y  
s l o w l y .  SOD s c av e n g e s  the  *02 and t h e r e b y  a c c e l e r a t e s  t h e  f o r m a t i o n  o f
th e  dye p r o d u c t  o f  d i a n i s i d i n e  o x i d a t i o n  (M is ra  and F r i d o v i c h ,  1 9 7 7 ) .
C y t o s o l i c  f r a c t i o n s  from 10-20% wet  w t / v o l  h o m o g e n a t e s ,  were
c l e a r e d  o f  h a e m og lob in  u s i n g  th e  T s u c h i h a s h i  p r o c e d u r e  ( M i s r a  and
F r i d o v i c h ,  1977;  Loven e t  a l , 1980) .  Th is  i n v o l v e d  a d d in g  1ml o f  e t h a n o l  
and 0 .6m l  o f  c h l o r o f o r m  to  1.0ml o f  c y t o s o l .  The m i x t u r e  was t h e n
v i g o r o u s l y  shaken  f o r  one min and c e n t r i f u g e d  a t  2500 rpm f o r  15 m in .  The 
c l e a r  aqueous l a y e r  was u sed  f o r  t h e  a s s a y .  The T s u c h i h a s h i  p r o c e d u r e  
a l s o  would have  d e a c t i v a t e d  any a c t i v i t y  i n  t h e  c y t o s o l  due t o  Mn-SOD 
(Loven e t  a l , 1980;  F r i d o v i c h ,  1982b) .  M i t o c h o n d r i a l  p e l l e t s  were 
r e s u s p e n d e d  to  a c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  1 mg p r o t e i n /  ml i n  0 . 1  M
sodium p h o s p h a te  b u f f e r ,  pH 7 .4 ,  c o n t a i n i n g  1.15% w/v KC1 and 0.5% w/v
R * . • ot r i t o n  X-100. The m i t o c h o n d r i a l  s u s p e n s i o n s  were s o n i c a t e d  a t  0 -4  C, as
d e s c r i b e d  p r e v i o u s l y .
Samples f o r  a s s a y  ( 0 .1 m l ,  i n  d u p l i c a t e )  were added to  a s o l u t i o n ,  
c o n t a i n i n g  0 .1m l  o f  0 .3 9  mM r i b o f l a v i n  and 10 mM sodium, 2.74ml o f  
p o t a s s i u m  p h o s p h a te  b u f f e r ,  pH 7 . 5 .  R e a c t i o n s  were i n i t i a t e d ,  a t  t imed 
i n t e r v a l s ,  by a d d i t i o n  o f  0 .06ml o f  10 mM £ - d i a n i s i d i n e  d i h y d r o c h l o r i d e  
and ,  a f t e r  r a p i d  v o r t e x i n g ,  t h e  o p t i c a l  a b s o r b a n c e s  o f  t h e  r e a c t i o n  
m i x t u r e s  a t  460 nm were d e te r m in e d  a g a i n s t  a b l a n k  c o n t a i n i n g  b u f f e r  and 
r i b o f l a v i n  o n l y .  The r e a c t i o n  m i x t u r e s  were t h e n  i l l u m i n a t e d  midway 
be tw een  two f l u o r e s c e n t  tubes  i n  an a lum in ium  f o i l - l i n e d  open-ended  
c a b i n e t .  The t e m p e r a t u r e  o f  the a i r s p a c e  b e tw e en  t h e  f l u o r e s c e n t  tubes  
was 25 + 2°  C. The a b s o rb a n c e s  a t  460 nm o f  t h e  m i x t u r e s  was r e d e t e r m i n e d  
a f t e r  e x a c t l y  8 min o f  i l l u m i n a t i o n .  SOD a c t i v i t y ,  wh ich was d i r e c t l y  
p r o p o r t i o n a l  to  the  f o r m a t i o n  o f  o x i d i z e d  d i a n i s i d i n e  dye ,  was c a l i b r a t e d  
by c o m pa r i son  w i th  the  r e a c t i o n s  o f  a 1-10 " u n i t "  r a n g e  o f  b o v i n e  b l o o d -  
d e r i v e d  s t a n d a r d s  (S ig m a) .  C o r r e c t i o n s  were made f o r  non-enzymic  
f o r m a t i o n  o f  o x i d i z e d  d i a n i s i d i n e ,  u s i n g  r e a c t i o n  m i x t u r e s  i n  which 
b o i l e d  sample (5 min)  was s u b s t i t u t e d  f o r  sample .
I n c l u s i o n  o f  2 mM KCN i n t o  r e a c t i o n  m i x t u r e s  c o n t a i n i n g  T s u c h i h a s h i  
p r o c e d u r e - p r e t r e a t e d  c y t o s o l  i n h i b i t e d  SOD a c t i v i t y  o f  h e p a t i c  c y t o s o l  by 
98 +_ 1% (n=20) and c y t o s o l  o f  Lewis lung  c a rc in o m a  by 82 +_ 14% (n=20) .
SOD a c t i v i t y  i n  m i t o c h o n d r i a l  samples  was n o t  s i g n i f i c a n t l y  i n h i b i t e d  by 
2 mM KCN. I n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  c y a n i d e  beyond 2 mM, t h a t  i s  to  
6 mM, a  c o n c e n t r a t i o n  r e q u i r e d  to  . i n h i b i t  Cu/Zn-SOD by 100%, 
i n t e r f e r e d  w i t h  t h e  r e a c t i o n ,  p o s s i b l y  due to  b l e a c h i n g  o f  r i b o f l a v i n /  
o x i d i z e d  d i a n i s i d i n e .  SOD a c t i v i t y  o f  m i t o c h o n d r i a l  f r a c t i o n s  was 
c o m p l e t e l y  l o s t  a f t e r  t h e  T s u c h i h a s h i  p r o c e d u r e .  To v e r i f y  f u r t h e r  t h a t  
SOD a c t i v i t y  o f  m i t o c h o n d r i a l  f r a c t i o n s  was due to  Mn-SOD, c y t o s o l  and
m i t o c h o n d r i a l  f r a c t i o n s ,  f rom 5 m ur ine  l i v e r s  and Lewis  lung  c a rc in o m a s ,
were i n c u b a t e d  f o r  60 min a t  37° C w i t h  2% w/v  sodium d o d e c y l  s u l p h a t e
(SDS). Th is  p r o c e d u r e  has  been r e p o r t e d  to  d e a c t i v a t e  Mn-SOD b u t  no t
Cu/Zn-SOD ( G e l l e r  and Winge, 1983) .  A f t e r  t h i s  t r e a t m e n t ,  t h e r e  was no 
s i g n i f i c a n t  SOD a c t i v i t y  r em a in in g  in  t h e  m i t o c h o n d r i a l  f r a c t i o n s ,  bu t  
SOD a c t i v i t y  o f  t h e  c y t o s o l s  was on ly  8 _+ 3% l e s s  th a n  i n  u n t r e a t e d  
c y t o s o l s .
Detergents have been reported to inhibit riboflavin-sensitized
Rp h o t o - o x i d a t i o n  o f  o - d i a n i s i d i n e  ( L j u t a k o v a ,  1984) .  T r i t o n  X-100 was 
t h e r e f o r e  i n c l u d e d ,  a t  a c o n c e n t r a t i o n  com parab le  to  t h a t  o f  samples  
(0.02% w /v ) ,  when c a l i b r a t i n g  m i t o c h o n d r i a l  SOD a c t i v i t i e s ,  u s i n g  b o v in e
SOD (Sigma) s t a n d a r d s .
S t a t i s t i c a l  a n a l y s e s
Data f rom e x p e r i m e n t a l  g roups  c o n t a i n i n g  3 o r  more o b s e r v a t i o n s  were 
s t a t i s t i c a l l y  e v a l u a t e d  by a n a l y s i s  o f  v a r i a n c e  (ANOVA). Means o f  
e s t i m a t i o n s  ' f ro m  tumour t i s s u e  were compared w i t h  t h o s e  o f  t h e  r e f e r e n c e  
t i s s u e ,  l u n g ,  by use  o f  the  S t u d e n t - t y p e  r a n g e  s t a t i s t i c  i n  t h e  Newman 
Keuls  p r o c e d u r e  (Winer ,  1971) .  R e s u l t s  were c o n s i d e r e d  to  be s i g n i f i c a n t  
when P<0 .05 .  Data  f rom e x p e r i m e n t s  where t h e r e  were o n l y  two g roups  
( c o n t a i n i n g  t h r e e  o r  more o b s e r v a t i o n s )  were e v a l u a t e d  by S t u d e n t ' s  
t - t e s t .
Tumour w e i g h t  and t im e ,  a f t e r  tumour i m p l a n t a t i o n  ( d a y s )  were 
compared by l i n e a r  r e g r e s s i o n  a n a l y s i s  (Winer ,  1971) .
RESULTS
H i s t o p a t h o l o g y
Animals  b e a r i n g  Lewis lung  c a rc inom a s  were h e a l t h y  i n  a p p e a r a n c e  and 
t h e r e  was no i n d i c a t i o n  o f  any pronounced  s t r e s s .  A l though  a r t i c u l a t i o n  
by t h e  t u m o u r - b e a r i n g  l imb was a lm o s t  e n t i r e l y  r e s t r i c t e d ,  t h e  mice  were 
r e m a rk a b ly  m o b i l e .  Mice were a b l e  to  t o l e r a t e  a tumour b u rd en  o f  g r e a t e r  
th a n  20% o f  t h e i r  body w e igh t  b e f o r e  becoming moribund .  F a t a l i t i e s  were 
p resum ab ly  caused  by a s p h y x i a t i o n  due to  the  a c c u m u l a t i o n  o f  m e t a s t a t i c  
l e s i o n s  i n  t h e  l u n g s .  A l l  s t u d i e s  d e s c r i b e d  i n  t h i s  t h e s i s  used  mice 
b e a r i n g  tumours  o f  maximum s i z e  o f  18% o f  body w e i g h t .
Removal o f  f u r  and s k in  o v e r l y i n g  th e  t u m o u r - b e a r i n g  l imb r e v e a l e d  
th e  m u sc le s  o f  the  l e g  to be g r o s s l y  s w o l l e n  a ro und  th e  c a rc in o m a .  The re  
were no e x t e r n a l  e x u d a te s  o r  l e s i o n s .  The s u r f a c e  o f  t h e  f a s c i a  and 
musc le  bed was smooth,  r e g u l a r  and o f  normal  c o l o u r a t i o n ,  a l t h o u g h  a 
number o f  f o c a l  haemorrhages  ( tumour c e l l s ? )  were u s u a l l y  p r e s e n t .  
I n v a s i o n  o f  the  tumour i n t o  the  p e r i t o n e u m  was i n f r e q u e n t  and u s u a l l y  
o n ly  o c c u re d  when tumour volume was r e l a t i v e l y  g r e a t .
S e c t i o n s  o f  t u m o u r - b e a r i n g  l im b s ,  s t a i n e d  w i t h  H&E, show t h e  Lewis 
lung  c a rc in o m a s ,  t r a n s p l a n t e d  in  the  p r e s e n t  s t u d i e s ,  to  be i n v a s i v e ,  
u n d i f f e r e n t i a t e d  and a n a p l a s t i c  ( t a b l e  2 . 1 ) .  The tumour c e l l s  were p o l y ­
h e d r a l  to  s p i n d l e  shaped and p o s s e s s e d  i r r e g u l a r  n u c l e i .  Large  tumour 
c e l l s  w i t h  m u l t i p l e  n u c l e i  were sometimes o b s e r v e d .  Tumour c e l l s  were i n  
c l o s e  p r o x i m i t y  to  b lood  v e s s e l s  which were p o o r l y  formed,  e s p e c i a l l y  a t  
t h e  p e r i p h e r y  o f  t h e  c a rc inom a .  Blood v e s s e l s  were a b s e n t  i n  t h e  c e n t r a l  
n e c r o t i c  a r e a s .  There  were e x t e n s i v e  a r e a s  o f  haem or rhage  and n e c r o s i s  
( p l a t e s  I  and I I ) .  I n  some s e c t i o n s  f o c a l  a g g r e g a t e s  o f  g o l d e n - b r o w n  
pigment  were p r e s e n t  ( p l a t e  l i b ) .  I n  s e c t i o n s  s t a i n e d  w i t h  van G i e s o n ' s  
p r e p a r a t i o n ,  no c o n n e c t i v e  t i s s u e  s t rom a  was o b s e rv e d  i n  t h e  body o f  t h e
TABLE 2 .1  -  H i s t o p a t h o l o g y  o f  Lewis  Lung Carc inomas  I m p l a n te d  i n t o  
t h e  Muscle  o f  t h e  L e f t  Hind Limb o f  S i x  C57BL6 Mice
Time a f t e r  Maximum Weight A p p r a i s a l  o f  h i s t o p a t h o l o g y
t r a n s p l a n t a t i o n  d i a m e t e r  i n  s i t u
tumour o f  tumour (g)
( d a y s )  (cm)
10 1 .00  1 .3  Well  d e v e lo p e d  a n a p l a s t i c
c a r c in o m a .  A p o r t i o n  o f  
t h e  tumour i s  n e c r o t i c  
w i t h  b r i s k  a c u t e  
i n f l a m m a t o r y  i n f i l t r a t e ,  
a s s o c i a t e d  w i t h  t r a c t s  o f  
h a e m or rha ge
11 1 .20  1 .6  A n a p l a s t i c  e p i t h e l o i d
c a rc in o m a  w i t h  a r e a s  o f  
ha e m o r rh a g e  and n e c r o s i s .  
The o v e r l y i n g  f a s c i a  i s  
b l o o d  f i l l e d .
13 1 .46  2.1 M a ss ive  i n v a s i v e
a n a p l a s t i c  c a rc in o m a  w i t h  
n e c r o t i c  and h a e m o r r h a g i c  
f o c i .
14 1 .7 0  2 .5  M a ss ive  i n v a s i v e
a n a p l a s t i c  c a rc in o m a  w i t h  
e x t e n s i v e  n e c r o s i s  and 
t r a c t s  o f  ha e m or rha ge  con­
t a i n i n g  a g g l u t i n a t e d  
e r y t h r o c y t e s  and f o c a l  
a g g r e g a t e s  o f  ( ? )  
h a e m o s i d e r i n .
15 1 .8 4  2 .9  M ass ive  i n v a s i v e
u n d i f f e r e n t i a t e d  c a rc in o m a  
c o n t a i n i n g  e x t e n s i v e  
t r a c t s  o f  ha e m or rha ge  
and a r e a s  o f  n e c r o s i s .
16 2 .0 0  3 . 4  M a ss iv e  i n v a s i v e
u n d i f f e r e n t i a t e d  
a n a p l a s t i c  c a rc in o m a  
c o n t a i n i n g  e x t e n s i v e  
ha e m o r rh a g e  and n e c r o s i s
tumour ( p l a t e  I I I ) .  S e c t i o n s  s t a i n e d  w i t h  P e r i s ’ P r u s s i a n  b l u e  had 
a p p r e c i a b l e  b l u e  h a e r a o s i d e r i n - l i k e  p i g m e n t a t i o n ,  and a l s o  s u b s t a n t i a l  
a r e a s  o f  y e l l o w - g o l d  p igm en t ,  p r o b a b l y  f o r m a l i n - d e r i v e d  a r t e f a c t  ( p l a t e  
IV) .
I n s p e c t i o n  o f  u n s t a i n e d  s e c t i o n s  o f  tumour by u . v .  f l u o r e s c e n c e  
m ic r o s c o p y  d i d  no t  r e v e a l  any l i p o f u s c i n - l i k e  a u t o f l u o r e s c e n c e .
Growth K i n e t i c s
L i n e a r  r e g r e s s i o n  a n a l y s i s  o f  tumour w e ig h t  a g a i n s t  t im e  ( d a y s )  
a f t e r  i m p l a n t a t i o n ,  showed a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 5  ( F i g .  3 . 1 ;  
C h a p te r  3 ) .  Mean d o u b l in g  t ime o f  t h e  i n t r a m u s c u l a r l y - i m p l a n t e d  Lewis  lung  
ca rc inom a  was a p p r o x i m a t e l y  50 h r  when 0 . 5 g ,  and a p p r o x i m a t e l y  100 h r  
when l .O g  i n  w e ig h t .  The growth r a t e  o f  the  Lewis lung  tumour was e s s e n ­
t i a l l y  s i m i l a r  in  a l l  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  t h e s i s .
P r o t e i n  and DNA
P r o t e i n  c o n c e n t r a t i o n  and DNA c o n c e n t r a t i o n  d i d  n o t  v a r y  s i g n i f ­
i c a n t l y  as tumour mass i n c r e a s e d  ( t a b l e  2 . 2 ) .  Va lues  f o r  p r o t e i n  concen­
t r a t i o n  i n  t i s s u e  hom ogena tes ,  o b t a i n e d  by th e  a s s a y  u s i n g  C oom ass ie  b l u e  
r e a g e n t  ( S p e c t o r ,  1978)  were a p p r o x i m a t e l y  h a l f  t h o s e  o b t a i n e d  by the  
a l t e r n a t i v e  p ro c e d u r e  u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  (Lowry e t  a l , 1951) .  
Th is  o b s e r v a t i o n  was con f i rm e d  by r e p e a t e d  d e t e r m i n a t i o n s  w i t h  b a t c h e s  o f  
Coomassie  b l u e  and F o l i n - C i o c a l t e u  r e a g e n t s ,  and by s i m i l a r  f i n d i n g s  b y  
o t h e r  o p e r a t o r s  i n  t h e  l a b o r a t o r i e s  o f  t h e  M arie  C u r i e  Memorial  
F o u n d a t i o n .  Both a s s a y s  showed Lewis lung  t i s s u e  to  have  a p p r o x i m a t e l y  
d o u b le  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  the  r e f e r e n c e  t i s s u e ,  l u n g .  Pu lmonary  
and tumour DNA c o n c e n t r a t i o n s ,  e x p r e s s e d  p e r  mg p r o t e i n ,  were  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( t a b l e  2 . 2 ) .
TABLE 2 . 2 -  Weight  i n  s i t u ,  P r o t e i n  C o n c e n t r a t i o n  and DNA C o n c e n t r a t i o n
o f  Lewis  Lung Carcinomas Borne by C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice  a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  R e l a t i v e  w e ig h t
i m p l a n t a t i o n  o f  tumour to
o f  tumour body wt (%)
( d a y s )
P r o t e i n  
c o n c e n t r a t i o n  
(mg/ g wet  wt)
DNA
c o n c e n t r a t i o n  
(jltg DNA e q u i v /  
mg p r o t e i n )
(wet  wt [g] o f  tumours  shown i n  b r a c k e t s )
1 .6  + 0 .5  
( 0 . 3  + 0 . 1 )
51 + 3 84 + 3
11 3 .3  + 0 . 5  
( 0 . 8  + 0 . 1 )
49 + 1 93 + 2
13 6 .8  + 0 . 9  
( 1 . 4  + 0 . 1 )
53 + 1 95 + 1
15 8 . 0  + 1 . 2  
( 1 . 7  + 0 . 1 )
48 + 1 94 + 4
17 10 .7  + 0 . 8  
( 2 .5  + 0 . 2 )
51 + 2 91 + 2
19 15 .2  + 1 .9  
( 3 . 4  + 0 . 3 )
50 + 2 89 + 2
a— d • • • •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  th e  same 
s u p e r s c r i p t  l e t t e r .
Activities of Enzymes that May Influence Glutathione Status
Cytosolic GSH peroxidase activity in Lewis lung tumour was signif­
icantly less than that of lung (table 2 . 3 ) .  Activity was significantly 
greater at 17 days after implantation than at 13 and 15 days (table 3 . 3 ) .  
Mitochondrial GSH peroxidase activity in Lewis lung tumour tissue was 
essentially similar to that of control lung, although it decreased sign­
ificantly at 17 days post implantation (table 2 . 3 ) .  GSH peroxidase 
activities of lung and tumour homogenates, from mice killed 15 day after 
implantation of Lewis lung carcinomas, when assayed with 3 mM cumene 
hydroperoxide as substrate, were 13 .2  +_ 0 . 9  (n=5)  enzyme units/ mg
protein and 3 .7  +_ 0 . 4  (n=5)  enzyme units/ mg protein respectively. The
same tissues, when assayed with 1.25 mM as substrate, had activities
of 12 .5  + 0 . 8  enzyme units/ mg protein (lung) and 3 . 4  + 0 . 2  enzyme units/ 
mg protein (tumour): these activities were not significantly different
from activities using cumene.
GSSG r e d u c t a s e  and G S H - t r a n s f e r a s e  a c t i v i t i e s  i n  Lewis lung  tumour 
t i s s u e  were a p p r o x i m a t e l y  50% g r e a t e r  than  t h o s e  o f  normal  pulmonary  
t i s s u e  ( t a b l e  2 . 4 ) ,  and d id  n o t  v a ry  s i g n i f i c a n t l y  w i t h  tumour s i z e .  The 
a c t i v i t i e s  o f  g l u c o s e - 6 - p h o s p h a t e  de hyd roge na se  and ' y G l u t a m y l c y s t e i n e  
s y n t h e t a s e  were s i g n i f i c a n t l y  l e s s  i n  tumour t h a n  i n  lung  ( t a b l e  2 . 5 ) .  
G l u c o s e - 6- p h o s p h a t e  de h y d ro g e n a s e  a c t i v i t y  d id  n o t  v a r y  w i t h  t im e  a f t e r  
tumour i m p l a n t a t i o n  ( tumour  s i z e ) .  /y--Glutamy l e y s  t e i n e  s y n t h e t a s e  a c t i v i t y  
i n c r e a s e d  from a p p r o x i m a t e l y  55% of  t h e  pulmonary v a l u e  a t  13 days  to  a 
v a l u e  s i m i l a r  to  t h a t  o f  c o n t r o l  lung  by 17 days  p o s t  i m p l a n t a t i o n .  
'y-Glutamyl  t r a n s p e p t i d a s e  a c t i v i t y ,  e s t i m a t e d  i n  whole t i s s u e  and i n  
s u b c e l l u l a r  f r a c t i o n s  was c o n s i d e r a b l y  l e s s  i n  Lewis lung tumour t h a n  i n  
pulmonary  t i s s u e  ( t a b l e  2 . 6 ) .  The d i f f e r e n c e  was most  p ronounced  i n  t h e  
c y t o s o l i c  f r a c t i o n ,  where t h e  a c t i v i t y  f o r  tumour was o n ly  0.3% o f  t h a t  
d e t e r m i n e d  f o r  m ur ine  lung  ( t a b l e  2 . 6 ) .
TABLE 2.3 - Subcellular GSH Peroxidase Activities of Tumour Tissue
f rom Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 Mice 
R e s u l t s  r e p r e s e n t  men +_ SEM f o r  6 mice a t  each t ime 
i n t e r v a l .  Values  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung  shown i n  b r a c k e t s .  P r o t e i n  was d e t e r m i n e d  w i t h  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
C y t o s o l i c  F r a c t i o n M i t o c h o n d r i a l  F r a c t i o n
(Enzyme u n i t s  /  mg p r o t e i n )
13 17 + 3‘ 14 + 2
15 17 +. r 14 + 2
17 21 + 3 10 +  1
C o n t r o l  lyng  
day 13-17 29 + 3 13 + 1
Enzyme u n i t s  a r e  d e f i n e d  as 1000 x l o g . n ( d e c r e a s e  in  GSH/min) 
a t  37 C, pH 7 . 0 .
# See t a b l e s  3 .7  and 3 . 8  f o r  lung  v a l u e s  i n  f u l l .
a - c S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung.
TABLE 2.4 - GSSG Reductase and GSH S-Transferase Activities of tumour
T i s s u e  from Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  5 mice  a t  each  t ime  
i n t e r v a l .  Values  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung  shown i n  b r a c k e t s .  P r o t e i n  was d e t e r m i n e d  w i th  
Coomassie  b l u e  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
GSSG R e d u c ta s e
(nmol NADPH o x i d i z e d /  
m in /  mg p r o t e i n  a t  
37° C, pH 7 . 4 )
GSH S - t r a n s f e r a s e
(nmol s t y r e n e  o x i d e  
c o n j u g a t e d /  min/mg 
c y t o s o l i c  p r o t e i n  a t  
37° C, pH 7 . 2 )
9 172 + 4 a 51 + 2bc
(160)  (170)
11 167 + 5a 49 + l bc
(150)  (160)
13 164 + l b 58 + 3C
(150)  (170)
15 170 + 6a 45 + 3b
(160)  (130)
C o n t r o l  l ung
day 9-15 108 + 4 30 + 3
See t a b l e s  3 .1 4  and 3 .1 5  f o r  lung  v a l u e s  i n  f u l l .
c #
S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  he  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung .
TABLE 2 .5  -  G l u c o s e - 6- p h o s p h a t e  Dehydrogenase  and ' y - G l u t a m y l e y s t e i n e  
S y n t h e t a s e  A c t i v i t i e s  o f  Tumour T i s s u e  from Lewis  Lung 
C a r c in o m a - b e a r i n g  C57BL6 Mice
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung shown i n  b r a c k e t s .  P r o t e i n  was d e t e r m i n e d  w i t h  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
G l u c o s e - 6- p h o s p h a t e  
de h y d ro g e n a s e  
(nmol NADPH/ m in /  mg
p r o t e i n  a t  37 
pH 7 . 5 )
C,
' y - G l u t a m y l e y s t e i n e  
s y n t h e t a s e j  
(nmol /  m in /  mg c y t o s o l i c  
37° C, pH 8 . 2 5 )
13 14 + r  
(27 )
0 . 8  + 0 . 2  
(55)
15 14 + 1 
(150)
1 . 0  +  0 . 1  
(60)
17 14 + V 
(27 )
1 .7  + 0 . 2  
(115)
C o n t r o l  lyng 
day 13-17 52 + 2 1 .5  + 0 .1
# See t a b l e  3 .1 6  f o r  lung v a l u e s  i n  f u l l .
•  •  * #S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung ,
TABLE 2 .6  -  Whole T i s s u e  and S u b c e l l u l a r  ^ - G l u t a m y l  T r a n s p e p t i d a s e  
A c t i v i t i e s  o f  Tumour T i s s u e  from Lewis  Lung Carc inom a-  
b e a r i n g  C57BL6 Mice
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 m ice ,  b e a r i n g  tumours  
o f  w e i g h t  2 . 4  + 0 . 6g, k i l l e d  14 days  a f t e r  i n o c u l a t i o n  w i t h  
Lewis  lung ca rc inom a  c e l l s .  Va lues  e x p r e s s e d  as  % o f  t h a t  
o f  c o r r e s p o n d i n g  c o n t r o l  lung shown i n  b r a c k e t s .  P r o t e i n  
was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  
t h e  s t a n d a r d .
C e l l u l a r
f r a c t i o n
Lewis lung  carc inoma C o n t r o l  lung
(nmol p - n i t r o a n i l i n e /  m in /  mg p r o t e i n  a t  37° C, pH 7 . 8 )
Whole t i s s u e 1. 0 + o . r
(29)
3 .3  + 0 . 2
M i t o c h o n d r i a 2 . 4  + 0.2* 
( 2 1 ) "
11 .3  + 0 . 6
Microsome 1.3 + o . r
(13)
10 .3  + 0 . 3
C y to s o l 0 .0 4  + 0 . 04‘
(14)
0 .2 9  + 0 .05
a S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
c o r r e s p o n d i n g  c o n t r o l  pulmonary v a l u e .
Catalase and SOD activities
C a t a l a s e  a c t i v i t y  in  Lewis lung  ca rc inom a  t i s s u e  was s i g n i f i c a n t l y  
l e s s  t h a n  t h a t  o f  m ur ine  lung ( t a b l e  2 . 7 ) .  Mean c a t a l a s e  a c t i v i t y  
i n c r e a s e d  from a p p r o x i m a t e l y  52% o f  t h e  pu lmonary  v a l u e ,  13 days a f t e r  
i m p l a n t a t i o n ,  to  a p p r o x i m a t e l y  70% o f  t h e  r e f e r e n c e  by 17 days ( t a b l e  
2 . 7 ) .  C y t o s o l i c  SOD a c t i v i t y  i n  Lewis lung  ap p ro x im a te d  to  30% o f  t h a t  of  
pulmonary  t i s s u e  ( t a b l e  2 . 8 ) .  M i t o c h o n d r i a l  SOD a c t i v i t y  o f  Lewis lung 
ca rc inom a  was 440 to  620% g r e a t e r  t h a n  t h a t  o f  normal  l u n g .  The a c t i v i t y  
o f  e i t h e r  SOD isoenzyme d i d  n o t  v a ry  s i g n i f i c a n t l y  w i th  t im e  a f t e r  tumour 
i m p l a n t a t i o n  ( t a b l e  2 . 8 ) .
A c t i v i t i e s  o f  A n t i o x i d a n t  Defence  Enzymes i n  C e l l s  M a i n t a i n e d  by 
Monolaye r  T i s s u e  C u l t u r e .
S u b c e l l u l a r  GSH p e r o x i d a s e  a c t i v i t y  and c y t o s o l i c  ' y - g l u t a m y l c y s t e i n e  
s y n t h e t a s e  a c t i v i t y  i n  c u l t u r e d  Lewis lung c e l l s  were s i m i l a r  to  t h o s e  
d e t e r m i n e d  in  tumours  b o r n e  by mice ( t a b l e  2 . 9 ) .  C y t o s o l i c  SOD a c t i v i t y  
i n  c u l t u r e d  c e l l s  was o n ly  13% o f  t h a t  o f  the  s o l i d  Lewis  lung  tumour 
w h i le  m i t o c h o n d r i a l  SOD a c t i v i t y  was a p p r o x i m a t e l y  d o u b le  t h a t  o f  t i s s u e  
from t h e . i / m - i m p l a n t e d  tumour ( t a b l e  2 . 9 ) .
A n t i o x i d a n t  D e fe n ce  and A u t o x i d a t i v e  Damage i n  S u b d i v i d e d  Lewis  Lung 
Tumours
C y t o s o l i c  G S H -perox idase  and SOD a c t i v i t i e s  o f  t i s s u e !  d e r i v e d  from 
th e  c o r t e x  o f  Lewis lung  c a rc inom as  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h a t  o f  t h e  r e s i d u a l  n e o p l a s t i c  t i s s u e  ( t a b l e s  2 . 1 0  & 2 . 1 1 ) .
M i t o c h o n d r i a l  GSH-perox idase  and SOD a c t i v i t i e s  i n  t i s s u e  from tumour 
c o r t e x  were s i g n i f i c a n t l y  l e s s  than  t h o s e  o f  t h e  r e m a i n i n g  t i s s u e  ( t a b l e s  
2 . 1 0  & 2 . 1 1 ) .
Cortical 'y-glutamylcysteine synthetase activity from Lewis lung
TABLE 2.7 - Catalase Activity and Protein Concentration of Tumour
T i s s u e  from Lewis Lung C a r c i n o m a - b e a r i n g  C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each  t ime 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lu n g  shown i n  b r a c k e t s .  P r o t e i n  was d e t e r m i n e d  w i t h  
F o l i n - C i o c a l t e u  r e a g e n t , u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r
i m p l a n t a t i o n  ^ C a t a l a s e  P r o t e i n
o f  tumour (k  /  m in /  mg p r o t e i n )  (mg/g wet  wt)
( d a y s )
13 0 .1 2  + 0 . 0 1 3 113 + 10b
(52)  (190)
15 0 . 1 4  + 0 . 0 2 b 102 + 7b
rg
(61)  (170)
17 0 .1 6  + 0 . 0 1 a 106 + 4b
(70)  (180)
C o n t r o l  1
day 13—177r 0 .2 3  + 0 .01  60 + 4
 ^ See t a b l e s  3 . 6  and 3 .1 1  f o r  lung  v a l u e s  i n  f u l l .
k . q
k i s  t h e  f i r s t - o r d e r  r e a c t i o n  r a t e  c o n s t a n t  a t  2 + 1 C, pH 7 . 4 .
cL"~fo •S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newman-Keuls t e s t  ( a f t e r
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung,
TABLE 2.8 - Subcellular Superoxide Dismutase Activities of Tumour
T i s s u e  from Lewis  Lung C a r c in o m a - b e a r i n g  C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  5 mice a t  each  t ime 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung  shown i n  b r a c k e t s .  P r o t e i n  was d e t e r m i n e d  w i th  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r
i m p l a n t a t i o n  C y t o s o l i c  f r a c t i o n  M i t o c h o n d r i a l  f r a c t i o n
o f  tumour
( d a y s )  ( u n i t s  [Sigma ] /  mg p r o t e i n  a t  25 + 2°  C, pH 7 . 5 )
13 2 .9  + 0 . 4 a 2 .0  + 0 . 4b
(30)  (720)
15 3 . 2  + 0 . 4 b 1 .8  + 0 . 3 b
(28)  (610)
17 2 .7  + 0 . 4 a 1 .5  + 0 . 2
(29)  (540)
C o n t r o l  1
day 13 -177r 10 .0  + 0 .8  0 . 3  + 0 .0 3r 8
^ See t a b l e s  3 . 9  and 3 .1 0  f o r  lung  v a l u e s  in  f u l l ,  
a -b Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter. Tumour values compared with those of control lung,
TABLE 2.9 - GSH Peroxidase, Superoxide Dismutase and 'y-Glutamyleysteine
S y n t h e t a s e  A c t i v i t i e s  o f  Lewis  Lung Carcinoma C e l l s  t h a t  
Have b e e n  M a i n t a i n e d  by Monolaye r  T i s s u e  C u l t u r e  
R e s u l t s  r e p r e s e n t  mean ±  SEM o f  d u p l i c a t e  d e t e r m i n a t i o n s  
from 4 d i s h e s ,  c o n t a i n i n g  a p p r o x i m a t e l y  2 x 10 c o n f l u e n t  
c e l l s ,  i n c u b a t e d  a t  37 C i n  a h u m i d i f i e d  a tm osphe re  
c o m p r i s i n g  95% a i r  and 5% CC^. Va lues  e x p r e s s e d  as  an 
a p p r o x i m a t e  % o f  t h e  c o r r e p o n d i n g  v a l u e  d e t e r m i n e d  f o r  
Lewis lung  ca rc inom a s  p a s sa g e d  i n  v i v o , shown i n  b r a c k e t s .  
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
GSH p e r o x i d a s e  
Enzyme u n i t s  /  
mg p r o t e i n )
S u p e r o x id e  d i s m u t a s e  
u n i t s  [Sigma ] /  mg 
p r o t e i n  a t  25 _+ 2 C 
pH 7 .5 )
y G l u t a m y l c y s t e i n e  
(nmol/  m in /  mg 
p r o t e i n  a t  37°  C, 
pH 8 . 2 5 )
C y t o s o l i c  M i t o c h o n d r i a l  C y t o s o l i c  M i t o c h o n d r i a l C y t o s o l i c
21 + 2 16 + 1 0 . 4  + 0 .1  3 . 8  + 0 . 4 1 .7  + 0 . 2
( 110) (130) (13) ( 2 2 0 ) ( 120 )
JU
Enzyme u n i t s  a r e  d e f i n e d  as  1000 x l o g , n ( d e c r e a s e  i n  GSH/ min)  
a t  37 C, pH 7 . 0 .
TABLE 2.10 - GSH Peroxidase Activities of Tissue from the "Hypoxic"
C o r t e x ,  and from t h e  R e s i d u a l  T i s s u e  o f  Lewis  Lung 
C arc in om as  Borne by C57BL6 Mice
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 m ice  a t  each  t ime 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  l u n g ,  shown i n  b r a c k e t s .  P r o t e i n  d e t e r m i n e d  w i th  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
t r a n s p l a n t a t i o n  
o f  tumour 
( d a y s )
C. y t  o s o 1 i  c 
C o r t e x  P e r i p h e r y
M i t o c h o n d r i a l  
C o r t e x  P e r i p h e r y
(Enzyme u n i t s  /  mg p r o t e i n )
13 16 + r
(73)
14 + r
(67)
7 .1  + 1 . 5 bd 8 . 2  + 0 . 9 d
(59) ( 6 8 )
15 14 + r
(65 )
14 + 1' 
(63)
5 . 8  + 0 . 8bc 8 . 5  + 0 . 6 d
(48) (70)
17 14 + 2‘ 
(64 )
13 + 1‘ 
(60 )
4 . 9  + 0 . 9C 7 .7  + 0 . 9 d
(41) (64)
C o n t r o l  
lung  „
day 13-17
22 + 2 12.1 + 1 .7
# See t a b l e s  3 . 7  and 3 . 8
Enzyme u n i t s  a r e  d e f i n e d  as  1000 x l o g . n ( d e c r e a s e  i n  GSH/min) 
a t  37 C, pH 7 . 0 .
a - d  # •  « •
S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung,
TABLE 2.11 - Superoxide Dismutase Activities of Tissue from the
"Hypoxic"  C o r t e x ,  and from t h e  R e s i d u a l  T i s s u e  o f  Lewis  
Lung Carc inomas Borne by C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each  t im e 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung ,  shown i n  b r a c k e t s .  P r o t e i n  d e t e r m i n e d  w i th  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
t r a n s p l a n t a t i o n  
o f  tumour 
( d a y s )
Cortex
C y t o s o l i c
Periphery
M i t o c h o n d r i a l
C o r t e x Periphery
( u n i t s  [S igm a^] /  mg p r o t e i n  a t  25 + 2°  C, pH 7 . 5 )
12 2 . 2  + 0 . 2  
(33)
3 .2  + 0 . 3a 
(34)
1.2 + 0 . 3b 2.1  + 0 . 4C 
(480)  (850)
14 2. 8  + 0 . 4a 
(24)
3 .3  + 0 . 3a 
(28)
1.1  + 0 . 1 b 1 . 8  + 0 . 4 C
(370)  (630)
17 2 . 9  + 0 . 4  
(31)
3 .5  + 0 . 3a 
(38)
0 . 6  + 0 . 1 b 2 . 4  + 0. 2C
( 2 1 0 ) (860)
C o n t r o l
10 + 1 0 . 3  + 0 .1
# See t a b l e s  3 . 9  and 3 .10
C # #
S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung .
TABLE 2 .1 2  -  C y t o s o l i c  ' y - G l u t a m y l c y s t e i n e  S y n t h e t a s e  A c t i v i t y  and
M i t o c h o n d r i a l  ' y - g lu t a m y l  T r a n s p e p t i d a s e  A c t i v i t y  o f  T i s s u e  
from t h e  "Hypoxic"  C o r t e x ,  and from t h e  R e s i d u a l  T i s s u e  o f  
Lewis Lung Carc inomas  Borne by C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice a t  each t im e 
i n t e r v a l .  Va lues  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  l u n g ,  shown i n  b r a c k e t s .  P r o t e i n  d e t e r m i n e d  w i t h  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time
a f t e r
t r a n s p l a n t a t i o n  
o f  tumour 
(d ay s )
'y - G l u t a m y l c y s t e i n e  
s y n t h e t a s e  (nm ol /m in /  
a t  37 °  C, pH 8 .2 5 )
Y~Glutamyl transpeptidase 
(nmol p-nitroanilide/min/ 
protein at 37° C, pH 7 . 8 )
Cortex Periphery Cortex Periphery
13 0 . 7  + o . r
(48 )
0 .7  + 0 .1 '  
(46)
2 . 8  + 0 . 5bc 3 . 3  + 0 . 7 b
(25) (29)
15 1 . 0  + 0 . 1 '
(62 )
0 .7  + 0 .1 '  
(42)
2 . 2  + 0 . 4  
(19)
3 . 3  + 0 . 5
(29)
17 1 . 4  + 0 . 2  0 .7  + 0 .1 '
(94 )  (49)
1 .9  + 0 . 3  
(17)
3 . 5  + 0 . 7  
(32)
C o n t r o l  
lung „
day 13—17
1 .5  + 0 . 2 11 + 1
See t a b l e s  3 .1 2  and 3 .1 6
cl*“C • ♦ • *S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newraan-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  l u n g .
TABLE 2 .13  -  M i t o c h o n d r i a l  and C y t o s o l i c  P r o t e i n  Y i e l d s  f rom Lewis 
Lung Carc inomas  D iv id e d  i n t o  C o r t e x  and P e r i p h e r y  
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 m ice  a t  each  t ime 
i n t e r v a l .  Values  e x p r e s s e d  as  % o f  t h a t  o f  c o r r e s p o n d i n g  
c o n t r o l  lung  shown i n  b r a c k e t s .  P r o t e i n  d e t e r m i n e d  w i th  
F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
t r a n s p l a n t a t i o n  
o f  tumour 
( d a y s )
C y t o s o l i c  M i t o c h o n d r i a l
Cortex Periphery Cortex Periphery
(mg protein/ g wet wt)
12 42 + 4 
(130)
53 + 5 
(160)
15 + 1 
(80)
9 .6  + 0 .5  
(50)
14 4 1 + 2
( 120)
60 + 5 
(180)
21 + 1 
(94)
9 . 6  + 0 .3  
(43)
17 54 + 5 ‘ 
(170)
59 + 3' 
(180)
19 + 1 
(90)
11 ±  1 
(50)
C o n t r o l  
lung „
day 12-17 
(n=18)
33 + 3 21 + 2
a C S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung .
TABLE 2 .1 4  -  G l u t a t h i o n e  S t a t u s  o f  t h e  “Hypoxic"  C o r t i c a l  P o r t i o n  and
th e  R e s i d u a l  P e r i p h e r a l  P o r t i o n  o f  Lewis  Lung Carcinomas 
Borne by C57BL6 Mice
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice a t  each t im e 
i n t e r v a l .  P r o t e i n  d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  
u s i n g  BSA as  the  s t a n d a r d .
Time a f t e r
i m p l a n t a t i o n  T o t a l
o f  tumour G l u t a t h i o n e  GSH GSSG GSH/GSSG
(d a y s )  (nmol GSH/ (nmol/mg (nmol/mg
mg p r o t e i n )  p r o t e i n )  p r o t e i n )
C o r t i c a l  T i s s u e
13 18 + l a 14 + l c 1 . 1 + 0 . 1 12 + 2 6
15 18 + l a 15 + l c 1. 5 + 0 . 3 10 + 2 e
18 18 + l a 14 + 2 C 2 . 2 + 0 . 2 8. 3 + 2 . 6 e f
P e r i p h e r a l  T i s s u e
13 10 + i b 6 + l d 1 . 4 + 0 . 2 6 + 2 f
15 11 + i b 8 + l d 1. 7 + 0 . 3 6 + i f
18 11 + i b 6 + l d 1. 9 + 0 . 3 4 + i f
C o n t r o l
lung  2 0 + 2  1 8 + 2  1. 1 + 0 . 2  1 6 + 3
day 18
a C S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman Keuls  t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .  C o r r e s p o n d in g  v a l u e s  f rom " c o r t i c a l "  and 
" p e r i p h e r a l "  tumour t i s s u e  compared.
TABLE 2 .1 5  -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
15
18
C o n t r o l  lung  
day 18
T h i o b a r b i t u r i c  A c i d - r e a c t i v e  M a t e r i a l  C o n c e n t r a t i o n  
o f  T i s s u e  from t h e  "Hypoxic"  C o r t e x ,  and from t h e  R e s i d u a l  
T i s s u e  o f  Lewis  Lung Carcinomas Borne by C57BL6 Mice 
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t ime  
i n t e r v a l .  T h i o b a r b i t u r i c  a c i d - r e a c t i v e  chromaphores  
o b t a i n e d  by i n c u b a t i o n  f o r  15 min a t  100° C i n  0.1M 
p h t h a l a t e  b u f f e r  (pH 3 . 5 ) .  No a n t i o x i d a n t  a d d i t i v e s  were 
u s e d .  P r o t e i n  d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  
u s i n g  BSA a s  t h e  s t a n d a r d .
C o r t e x  P e r i p h e r y
(nmol m a lo n d ia ld e h y d e  e q u i v . /  mg p r o t e i n )
0 . 9  + 0 . 2 a 1 .2  + 0 . 2 b
0 . 7  + 0 . 2 a 1 .7  + 0 . 1 b
0 . 7  + 0 . 1 a 1 .8  + 0 . 5 b
0 . 5  + 0 .1
a_b
Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter. Tumour values compared with those of control lung.
TABLE 2 .16  -  Weight  i n  s i t u  and P e r c e n t a g e  o f  Tumour Mass A r b i t r a r i l y  
Taken t o  R e p r e s e n t  t h e  "Hypoxic11 C o r t e x  o f  Lewis  Lung 
Carc inomas  Borne by C57BL6 Mice
R e s u l t s  r e p r e s e n t  mean SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  Weight  o f  i n t a c t  tumour (g )  shown i n  b r a c k e t s .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
T u m o u r  W t  
(as  a % o f  body wt )
C o r t e x  W t^
( a s  a  % o f  p e r i p h e r y  wt )
13 6 . 6  + 0 . 5a 29 + 5d
( 1 . 6  + 0 . 1 )
15 10 .8  + 0 . 8 b 27 + 5d
( 2 . 5  + 0 . 2 )
17 15 .2  + 1 . 9 °  21 + 2 d
( 3 . 4  + 0 . 3 )
P e r i p h e r y  r e f e r s  to  t h e  r e s i d u a l  tumour t i s s u e  a f t e r  t h e  c o r t e x  
h a s  been  removed
Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter. Tumour values compared with those of control lung.
i c a n t l y  g r e a t e r  t h a n  t h a t  o f  t h e  p e r i p h e r a l  t i s s u e  ( t a b l e  2 . 1 2 ) .
M i t o c h o n d r i a l  . Y - g l u ^ m y l t r e n s p e p t i d a s e  a c t i v i t y  o f  t h e  c o r t i c a l  r e g i o n  
was s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  t h e  r e s i d u a l  tumour t i s s u e ,  on the  
15 th  and 17 th  days a f t e r  t r a n s p l a n t a t i o n  ( t a b l e  2 . 1 2 ) .
P r o t e i n  y i e l d ,  e x p r e s s e d  as  mg/g wet w e i g h t ,  was s i g n i f i c a n t l y  
g r e a t e r  f o r  t h e  m i t o c h o n d r i a l  f r a c t i o n s  from t h e  ’’c o r t e x "  t h a n  from the  
tumour p e r i p h e r y  ( t a b l e  2 . 1 3 ) .  C y t o s o l i c  p r o t e i n  y i e l d  was s i g n i f i c a n t l y  
g r e a t e r  f o r  t h e  tumour t i s s u e  from th e  p e r i p h e r y  t h a n  t h a t  f rom the
c o r t i c a l  r e g i o n  a t  12 and 14 days a f t e r  i m p l a n t a t i o n  ( t a b l e  2 . 1 3 ) .
GSH c o n c e n t r a t i o n  and GSH/GSSG r a t i o  were s i g n i f i c a n t l y  g r e a t e r  in
t i s s u e  removed from tumour " c o r t e x "  t h a n  p e r i p h e r y  ( t a b l e  2 . 1 4 ) .  The 
c o n c e n t r a t i o n  o f  T B A - re a c t iv e  m a t e r i a l  was a p p r o x i m a t e l y  100% g r e a t e r  i n  
t h e  p e r i p h e r a l  n e o p l a s t i c  t i s s u e  than  in  t h e  t i s s u e  o f  t h e  " c o r t e x "  
( t a b l e  2 . 1 5 ) .
The r a t i o  o f  t h e  w e igh t  o f  t i s s u e  removed as  " c o r t e x "  to  t h e  w e ig h t  
o f  r e s i d u a l  t i s s u e  was k e p t  e s s e n t i a l l y  c o n s t a n t  w i t h  i n c r e a s i n g  tumour 
s i z e  ( t a b l e  2 . 1 6 ) .
Comparison  w i t h  c o n t r o l  lung:  The m a jo r  d i f f e r e n c e s  be tw een
i n t r a m u s c u l a r l y - i m p l a n t e d  Lewis lung ca rc in om a and c o n t r o l  m ur ine  l u ng ,  
as  d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s ,  a r e  summarized i n  t a b l e  2 . 1 7 .
TABLE 2.17 - Summary of Major Differences Between Intramuscularly
- i m p l a n t e d  Lewis  Lung Carcinoma and C o n t r o l  Pu lmonary 
T i s s u e  ( a s  d e t e r m i n e d  i n  t h e  s t u d i e s  o f  C h a p t e r  2)
A l l  v a l u e s  a r e  s p e c i f i c  enzyme a c t i v i t i e s .
P a r a m e te r S u b c e l l u l a r
f r a c t i o n
Mean day 13 tumour 
v a l u e  as  a % o f  
c o r r e s p o n d i n g  
c o n t r o l  lung  v a l u e
Trend w i t h  i n c r e a s i n g  
t ime a f t e r  i m p l a n t a t i o n  
( p o s t  day 13)
GSH p e r o x i d a s e  C y t o s o l i c
M i t o c h o n d r i a l
60
110
No s i g n i f i c a n t  change .
D e c r e a s e s  to  80% by 17 
days a f t e r  i m p l a n t .
GSSG r e d u c t a s e  Whole t i s s u e 160 No s i g n i f i c a n t  change .
G S H - t r a n s f e r a s e  C y t o s o l i c 175 No s i g n i f i c a n t  change .
S u p e ro x id e
d i s m u t a s e
C y t o s o l i c  30
M i t o c h o n d r i a l  720
No s i g n i f i c a n t  change .
D e c r e a s e s  to  540% by 17 
days a f t e r  i m p l a n t .
G l u c o s e - 6-  
p h o s p h a te  
dehyd rogena s  e
C y t o s o l i c 27 No s i g n i f i c a n t  c ha nge .
'y -G lu tam y l -
c y s t e i n e
s y n t h e t a s e
C y t o s o l i c 55 I n c r e a s e s  to  120% by 17 
days  a f t e r  i m p l a n t .
C a t a l a s e Whole t i s s u e 52 I n c r e a s e s  to  70% by 17 
days a f t e r  i m p l a n t .
'Y“Glu tam yl  C y t o s o l i c
t r a n s p e p t i d a s e
M i t o c h o n d r i a l
Microsomal
14
21
13
Not d e t e r m i n e d .  
Not d e t e r m i n e d .  
Not d e t e r m i n e d .
DISCUSSION
The Lewis lung  c a rc inom a  has  been  d e s c r i b e d  as  an e p id e r m o id  ca rc in om a 
(squamous c e l l  c a rc in o m a ;  S u g iu ra  and S to c k ,  1955 ) .  I n  a more r e c e n t  
s t u d y  however ,  where  s e c t i o n s  o f  s u b c u t a n e o u s l y - i m p l a n t e d  Lewis lung  
ca rc inom a  were o b s e r v e d  w i t h  an e l e c t r o n  m i c r o s c o p e ,  many o f  the  
c h a r a c t e r i s t i c  f e a t u r e s  o f  e p ide rm oid  c a rc in o m a  c e l l s  were a b s e n t  ( S a to  
e t  a l , 1982) .  The a u t h o r s  conc luded  t h a t ,  due t o  s u c c e s s i v e  
t r a n s p l a n t a t i o n s ,  t h e  Lewis lung  tumour had become more u n d i f f e r e n t i a t e d  
and thus  would be more a p p r o p r i a t e l y  c a t e g o r i z e d  as  a l a r g e - c e l l  
ca rc inom a  ( S a to  e t  a l , 1982) .
I n s p e c t i o n  o f  s e c t i o n e d  Lewis lung  c a r c i n o m a s ,  r e v e a l e d  the  
" h e a l t h y "  r e d - c o l o u r e d  (hyperae ra ic )  p e r i p h e r a l  r e g i o n  and amorphous mushy 
" n e c r o t i c "  t i s s u e  o f  t h e  c e n t r a l  r e g i o n s  o f  t h e  tumour,  t h a t  have  been  
r e p o r t e d  e l s e w h e r e  ( S a l s b u r y  e t  a l , 1974; Dobrossy  e t  a l , 1980) .
S e c t i o n s ,  s t a i n e d  w i t h  H&E ( p l a t e s  I  & I I ) ,  when examined by t h e  l i g h t  
m ic r o s c o p e ,  were o b s e rv e d  to have  s i m i l a r  a p p e a r a n c e  to  p h o t o m i c r o g r a p h s  
o f  Lewis lung  tumours  i n  o t h e r  p u b l i c a t i o n s  ( S u g i u r a  and S t o c k ,  1955; 
S a l s b u r y  e t  a l , 1974;  Sa to  e t  a l , 1982) .  The h i s t o l o g y  o f  t h e  Lewis  lung 
c a rc in o m a ,  i n  r e s p e c t  to  t h e  r e l a t i o n  o f  tumour c e l l s  to  b l o o d  v e s s e l s ,  
has  been d e s c r i b e d  as  b e in g  more s i m i l a r  t o  t h a t  o f  a sa rcom a th a n  t h a t  
o f  a ca rc inom a  ( S a l s b u r y  e t  a l , 1974) .  The " t r a n s f o r m a t i o n "  o f  e p i t h e l i a l  
tumours o f  mice and r a t s  to  sarcomas has  been  r e p o r t e d  ( G r e e n s t e i n ,  
1954) .  The l a c k  o f  r e a c t i o n  between  tumour c e l l s  and van G i e s o n ' s  s t a i n  
( p l a t e  I I I )  may be v e r i f i c a t i o n  t h a t  t h e  tumour ,  u s e d  i n  t h e  p r e s e n t  
s t u d i e s ,  was n o t  d e r i v e d  from c o n n e c t i v e  t i s s u e  ( t h a t  i s  s a r c o m a t o u s ) .
H i s t o l o g i c a l  E v id e n ce  o f  A u t o x i d a t i o n
The g o l d e n  brown pigment  o bse rve d  i n  s e c t i o n s  s t a i n e d  w i t h  H&E 
( p l a t e  l i b ) ,  was p o s s i b l y  h a e m o s i d e r i n ,  a n o n - f u n c t i o n a l  i r o n - c o n t a i n i n g
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P l a t e  I  -  S e c t i o n  (H&E) t h r o u g h  h i n d l i m b :
a )  t u m o u r - f r e e  mouse (x  45 )
b )  Lewis  lu n g  c a r c i n o m a - b e a r i n g  mouse ( x  4 5 ) .  
N o te :  13 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
P l a t e  I I  -  S e c t i o n  (H&E) t h r o u g h  L ew is  l u n g  c a r c i n o m a :
a )  H a e m o r r h a g ic  r e g i o n  c o n t a i n i n g  i n f l a m m a t o r y
c e l l s  (x  275)
b )  R e g i o n  c o n t a i n i n g  g o l d e n - b r o w n  p i g m e n t  ( x  730)  
N o te :  13 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
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P l a t e  I I I  -  S e c t i o n  (Van G i e s o n ' s )  t h r o u g h  h i n d l i m b :
a )  t u m o u r - f r e e  mouse ( x  110)
b )  Lew is  l u n g  c a r c i n o m a - b e a r i n g  mouse  ( x  7 3 0 ) .  
N o te :  13 d a y s  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
pigment  a s s o c i a t e d  w i t h  a u t o x i d a t i v e  i n j u r y  t u n i n g ,  ±ne
a p o p r o t e i n ,  s i d e r i n  i s  a g l y c o p r o t e i n  t h a t  b i n d s ,  w i t h  g r e a t  a f f i n i t y ,  to  
i n o r g a n i c  i r o n  (Gedigk ,  1969) .  H aem os ide r in  o c c u r s  when the  c o n c e n t r a t i o n  
o f  f r e e  i r o n  i n  t h e  c y t o s o l  excedes  t h e  c a p a c i t y  f o r  c h e l a t i o n  by 
a p o f e r r i t i n  t o  form f e r r i t i n  ( G e d ig t ,  1969) .  H a e m o s id e r in  i s  a l s o  
c o n s i d e r e d  to  be t h e  p r o d u c t  o f  ly sosom al  d i g e s t i o n  o f  f e r r i t i n
( H a l l i w e l l  and G u t t e r i d g e ,  1984a ) ,  and can be shown h i s t o c h e m i c a l l y  u s i n g  
P e r i s '  P r u s s i a n  b l u e  r e a c t i o n  f o r  f e r r i c  s a l t s  ( C u l l i n g ,  1974) .  The 
y e l l o w i s h  p i g m e n t a t i o n  cou ld  a l t e r n a t i v e l y  have  been  h a e m a t o i d i n ,  which 
i s  a pigment  d e r i v e d  from b i l e  pigment  d u r in g  th e  breakdown o f  o l d  haem­
o r r h a g e s  (S tugeon  and Shoden,  1 9 6 9 ; - C u l l i n g ,  1974) .  H a e m a to id in ,  owing to  
i t s  r e l a t i v e l y  low i r o n  c o n t e n t ,  does no t  g i v e  a p o s i t i v e  s t a i n  w i th  
P e r i s 1 P r u s s i a n  b l u e  r e a c t i o n ,  and t h e r e f o r e  can be d i s t i n g u i s h e d  h i s t o -  
c h e m i c a l l y  f rom h a e m o s i d e r i n  (S tu r g e o n  and Shoden, 1969) .  S e c t i o n s  o f  
Lewis lung  ca rc in om a had e x t e n s i v e  a g g r e g a t e s  o f  P e r i s '  P r u s s i a n  b l u e -  
p o s i t i v e  f o c i  which i n d i c a t e s  t h a t  t h e  y e l low -b row n  p igment  was n o t  
h a e m a t o i d i n .  The e x t r a c e l l u l a r  d i s t r i b u t i o n ,  t h e  l o c a l i z a t i o n  m a i n l y  to  
h a e m o r rh a g ic  a r e a s ,  and t h e  b i r e f r i n g e n c e  o f  t h e  p i g m e n t a t i o n  ( p l a t e
IV a) ,  however ,  s u g g e s t  t h a t  i t  was l a r g e l y  a r t e f a c t u a l  a c i d  f o r m a ld e h y d e -  
hae raa t in  pigment  ( f o r m a l i n  p i g m e n t ) .  The o c c u re n c e  o f  f o r m a l i n  p igm en t  i s  
due to  t h e  r e a c t i o n  be tw een  fo rm ald ehyde  a t  low pH w i t h  h a e m o g lo b in  o r  
i t s  breakdown p r o d u c t s  ( C u l l i n g ,  1974; Drury and W a l l i n g t o n ,  1 9 8 0 ) ;  t h e  
Gooding and S t e w a r t ' s  f l u i d ,  u sed  to  d e c a l c i f y  t h e  t u m o u r - b e a r i n g  l i m b s ,  
c o n t a i n e d  5% v / v  fo rm ic  a c i d .  Most o f  t h e  f e r r i c  i r o n - c o n t a i n i n g  p igmen t  
i n  s e c t i o n s  o f  Lewis lung ca rc inom a  was thus  more p r o b a b l y  t h e  r e s u l t  o f  
p o s t -m o r t e m  changes  i n  t h e  p r e s e n c e  of  fo rm a ldehyde  th a n  a c o n s e q u e n c e  o f  
a  p a t h o l o g i c a l  e x c e s s  o f  i n o r g a n i c  i r o n  i n  v i v o . There  w e re ,  however ,
o c c u r a n c e s  o f  b l u e - s t a i n i n g  ( P e r i s ' )  p igm en t ,  p o s s i b l y  h a e m o s i d e r i n ,  i n  
r e g i o n s  o f  tumour ,  remote  from ha e m o r rh a g ic  a r e a s  ( p l a t e  IVb) .
L i p o f u s c i n  ( h a e m o fu s c in ,  age p igment)  i s  c l a s s  o f  y e l l o w - b r o w n
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P l a t e  IV -  S e c t i o n  ( P e r i s 1) t h r o u g h  L e w is  l u n g  c a r c i n o m a :
a )  H a e m o r r h a g ic  r e g i o n  c o n t a i n i n g  f o r m a l i n  
p i g m e n t  (x  110)
b) Region containing blue haemosiderin-like 
pigment (x  2 75) .
N o te :  13 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
o f  a n t i o x i d a n t  n u t r i e n t s  ( P o r t a  and H a r t r o f f ,  1969;  Katz  e t  a l , 1984) .  
L i p o f u s c i n s  a r e  formed by t h e  a u t o x i d a t i v e  p o l y m e r i z a t i o n  o f  i n t r a ­
c e l l u l a r  l i p i d s ,  n u c l e i c  a c i d s  and p r o t e i n s  w i t h  t h e  S c h i f f  b a s e  p r o d u c t  
o f  m a l o n d ia l d e h y d e  ( T a p p e l ,  1975; Donato,  1981) .  A u . v .  f l u o r e s c e n c e  
t e c h n i q u e  (Reddy e t  a l , 1982) was used  i n  p r e f e r e n c e  to  t h e  more commonly 
a p p l i e d  S c h m o r l ' s  f e r r i c - f e r r i c y a n i d e  s t a i n i n g  p r o c e d u r e  to  h i s t o ­
l o g i c a l l y  d e m o n s t r a t e  l i p o f u s c i n  p igm en t .  The f e r r i c - f e r r i c y a n i d e  method,  
however ,  i n c o r p o r a t e s  t h e  P e r i s '  P r u s s i a n  b l u e  r e a c t i o n  a t  a c i d i c  pH 
( C u l l i n g ,  1974) ,  and t h u s  t h e  p r e s e n c e  o f  f o r m a l i n  p igment  a r t e f a c t s  
cou ld  have made the  i n t e r p r e t a t i o n  o f  t h e  h a e m o r r h a g i c  Lewis  lung  
ca rc inom a  ambiguous .  The p r e s e n c e  o f  r e d u c i n g  s i t e s ,  such as  s u l p h h y d r y l  
g r o u p s ,  a s c o r b a t e ,  u r i c  a c i d ,  p h e no ls  and i n d o l s ,  m igh t  a l s o  ha v e  made 
d i s t i n c t i o n  be tw een  l i p o f u s c i n  and h a e m - d e r iv e d  a r t e f a c t s  more d i f f i c u l t  
( L i l l i e ,  1962) :  a s e r i e s  o f  c o n t r o l s  would be r e q u i r e d  t o  make the
d i s t i n c t i o n  p o s s i b l e .  E x a m in a t io n  o f  u n s t a i n e d  s e c t i o n s  o f  Lewis  lung  
w i th  a  u . v .  m ic r o sc o p e  d i d  n o t  however  r e v e a l  any y e l l o w - g r e e n  t o  o r a n g e  
f l u o r e s c e n c e ,  c h a r a c t e r i s t i c  o f  l i p o f u s c i n  (Reddy e t  a l , 1 9 8 2 ) .
The s e c t i o n s  o f  tumour cou ld  have been  t r e a t e d  w i t h  s a t u r a t e d  
a l c o h o l i c  s o l u t i o n  o f  p i c r i c  a c i d  to  d i s s o l v e  f o r m a l i n  p igm en t  ( C u l l i n g ,  
1974; Drury  and W a l l i n g t o n ,  1980 ) ,  p r i o r  to  s t a i n i n g  f o r  p a t h o l o g i c a l
p ig m e n ts .  The h i s t o c h e m i c a l  s e a r c h  f o r  e v id e n c e  o f  a u t o x i d a t i v e  damage i n  
Lewis lung  ca rc inom a s  c o u ld  p o s s i b l y  be f u r t h e r e d  by u s e  o f  s t a i n i n g  
t e c h n i q u e s  f o r  l i p i d  p e r o x i d e s :  such as t h e  h a e r a - c a t a l y z e d  l e u c o -
d i c h l o r o i n d o p h e n o l  r e a c t i o n ,  o r  t h e  a p p l i c a t i o n  o f  t h e  W i n k l e r - S c h u l z e  
r e a c t i o n  f o r  l i p o p e r o x i d e s  ( L i l l i e ,  1962) .  The s t u d i e s ,  d e s c r i b e d  i n  t h e
p r e s e n t  c h a p t e r ,  do n o t  however  p r o v i d e  s i g n i f i c a n t  e v i d e n c e  o f  a u t o x ­
i d a t i v e  l e s i o n s  in  i /m-embedded Lewis lung  c a rc in o m a s .
Contribution by infiltrating host cells
Sections of Lewis lung carcinoma, when examined using a light 
microscope, were revealed to have an estimated 5-10% contribution to the 
total cell population by host inflammatory cells (plate Ila). It has been 
reported elsewhere that inflammatory cells were seldom observed in 
histological sections of Lewis lung carcinoma (Sato et al, 1 9 82 ) .  The 
proportion of host-derived cells (primarily macrophages) in the nucleated 
cell population of Lewis lung carcinoma has been estimated as 10-15% 
(Stephens et al, 1 9 7 8 ) ,  and at less than 10% (Gundersen et al, 1981 ) .  As 
much as 44% by volume of i/m-implanted Lewis lung carcinoma has been 
contended to comprise of host cells, blood vessels, connective tissue and
necrotic material (Stephens et al, 1984) .  Most of the contamination of
Lewis lung tumours by necrotic and endothelial tissues was probably 
removed by the preparative procedures described earlier. The residual 
5-15% contribution by other host cells (mainly macrophages; Stephens e_t 
al, 1978)  could possibly have attenuated some of the biochemical values 
determined in the present studies for Lewis lung tumour. The proportion 
of inflammatory cells was however, probably insufficient to affect 
appreciably the biological character inferred for the neoplastic
component of the tumour.
Origin of Lewis lung carcinoma
A m onoc lona l  a n t i b o d y  has  r e c e n t l y  been  d e v e lo p e d  t h a t  b i n d s  to  a
s u r f a c e  a n t i g e n  on Lewis  lung  ca rc inom a  c e l l s  b u t  n o t  t o  o t h e r  m urine  
m a l i g n a n t  c e l l  l i n e s  (Hadas e t  a l , 1984) .  When t h i s  m o n o c l o n a l  a n t i b o d y  
was s c r e e n e d  im m u n o h is to c h e ra ic a l ly  a g a i n s t  v a r i o u s  no rm a l  t i s s u e s  o f  
C57BL6 m ic e ,  on ly  a l v e o l a r  e p i t h e l i a l  c e l l s  were s t a i n e d .  As Lewis  lung  
c e l l s  e x p r e s s  an a n t i g e n  found e x c l u s i v e l y  in  the  t i s s u e  o f  o r i g i n ,  l u n g ,  
a t  l e a s t  some o f  t h e  o r i g i n a l  pulmonary pheno type  i s  e v i d e n t l y  s t i l l  
p r e s e r v e d  i n  Lewis lung  tumour c e l l s  even though t h e  tumour o r i g i n a t e d
pigment  a s s o c i a t e d  w i t h  a u t o x i d a t i v e  i n j u r y  ( C u l l i n g ,  1974 ) .  The 
a p o p r o t e i n ,  s i d e r i n  i s  a g l y c o p r o t e i n  t h a t  b i n d s ,  w i t h  g r e a t  a f f i n i t y ,  to  
i n o r g a n i c  i r o n  (Gedigk ,  1969) .  H a e m os ide r in  o c c u r s  when the  c o n c e n t r a t i o n  
o f  f r e e  i r o n  in  t h e  c y t o s o l  excedes  t h e  c a p a c i t y  f o r  c h e l a t i o n  by 
a p o f e r r i t i n  to  form f e r r i t i n  ( G e d ig t ,  1969) .  H a e m o s i d e r i n  i s  a l s o  
c o n s i d e r e d  to  be t h e  p r o d u c t  o f  ly sosom a l  d i g e s t i o n  o f  f e r r i t i n  
( H a l l i w e l l  and G u t t e r i d g e ,  1984a ) ,  and can be shown h i s t o c h e m i c a l l y  u s i n g  
P e r i s '  P r u s s i a n  b l u e  r e a c t i o n  f o r  f e r r i c  s a l t s  ( C u l l i n g ,  1974) .  The 
y e l l o w i s h  p i g m e n t a t i o n  cou ld  a l t e r n a t i v e l y  have  be e n  h a e m a t o i d i n ,  which 
i s  a pigment  d e r i v e d  from b i l e  pigment  d u r i n g  t h e  breakdown o f  o l d  haem­
o r r h a g e s  (S tugeon  and Shoden,  1969;  C u l l i n g ,  1974) .  H a e m a t o id i n ,  owing to  
i t s  r e l a t i v e l y  low i r o n  c o n t e n t ,  does n o t  g i v e  a p o s i t i v e  s t a i n  w i th  
P e r i s '  P r u s s i a n  b l u e  r e a c t i o n ,  and t h e r e f o r e  can be d i s t i n g u i s h e d  h i s t o -  
c h e m i c a l l y  f rom h a e m o s i d e r i n  ( S tu r g e o n  and Shoden,  1969) .  S e c t i o n s  o f  
Lewis lung ca rc inom a had e x t e n s i v e  a g g r e g a t e s  o f  P e r i s '  P r u s s i a n  b l u e -  
p o s i t i v e  f o c i  which i n d i c a t e s  t h a t  the  y e l low -b row n  p igmen t  was n o t  
h a e m a t o i d i n .  The e x t r a c e l l u l a r  d i s t r i b u t i o n ,  t h e  l o c a l i z a t i o n  m a i n ly  to  
h a e m o r rh a g ic  a r e a s ,  and th e  b i r e f r i n g e n c e  o f  t h e  p i g m e n t a t i o n  ( p l a t e  
I V a ) ,  however ,  s u g g e s t  t h a t  i t  was l a r g e l y  a r t e f a c t u a l  a c i d  f o r m a ld e h y d e -  
h a e m a t in  pigment  ( f o r m a l i n  p i g m e n t ) .  The o c c u re n c e  o f  f o r m a l i n  p igm en t  i s  
due to  t h e  r e a c t i o n  be tw een  fo rm a ld ehyde  a t  low pH w i t h  ha e m o g lo b in  o r  
i t s  breakdown p r o d u c t s  ( C u l l i n g ,  1974; Drury  and W a l l i n g t o n ,  1 9 8 0 ) ;  t h e  
Gooding and S t e w a r t ' s  f l u i d ,  u sed  to  d e c a l c i f y  t h e  t u m o u r - b e a r i n g  l im b s ,  
c o n t a i n e d  5% v / v  fo rm ic  a c i d .  Most of  t h e  f e r r i c  i r o n - c o n t a i n i n g  p igment  
i n  s e c t i o n s  o f  Lewis lung  ca rc inom a  was thus  more p r o b a b l y  t h e  r e s u l t  o f  
po s t - m o r t e m  changes in  the  p r e s e n c e  o f  fo rm a ldehyde  than  a c o n s e q u e n c e  o f  
a p a t h o l o g i c a l  exces s  o f  i n o r g a n i c  i r o n  i n  v i v o . The re  w e re ,  however ,  
o c c u ra n c e s  o f  b l u e - s t a i n i n g  ( P e r i s ' )  p igm en t ,  p o s s i b l y  h a e m o s i d e r i n ,  i n  
r e g i o n s  o f  tumour,  remote  from ha e m o r rh a g ic  a r e a s  ( p l a t e  IVb) .
L i p o f u s c i n  ( h a e m o fu s c in ,  age p igm en t )  i s  c l a s s  o f  y e l l o w - b r o w n
Tumour growth
The growth  k i n e t i c s  o f  Lewis lung c a r c in o m a s ,  b o r n e  by C57BL6 mice 
i n  t h e  p r e s e n t  s t u d i e s ,  were s i m i l a r  to  t h o s e  o f  o t h e r  r e p o r t s  (Mayo, 
1972; DeWys, 1972; Dobrossy  e t  a l , 1980) .  The tumour n o r m a l l y  became 
p a l p a b l e  a t  8-10 days  a f t e r  i m p l a n t a t i o n .  Dur ing  t h e  p e r i o d  i n  which 
a n a l y s e s  were p e r f o r m e d ,  9-19 days a f t e r  i n o c u l a t i o n  o f  m ice  w i t h  tumour 
c e l l s ,  t h e  r a t e  o f  i n c r e a s e  o f  tumour mass was e s s e n t i a l l y  l i n e a r  ( f i g .  
3 . 1 ;  C h a p t e r  3 ) .  Th is  s u g g e s t s  t h a t  Lewis lung tumours  had p r o g r e s s e d  
beyond t h e  e x p o n e n t i a l  pha se  c h a r a c t e r i z e d  i n  e a r l y  g rowth  (DeWys, 1972) 
and t h a t  growth  r a t e  was s low ing  as  the  ca rc inom a  i n c r e a s e d  i n  s i z e .  As 
DNA and p r o t e i n  c o n c e n t r a t i o n s  d id  no t  v a ry  s i g n i f i c a n t l y  w i t h  i n c r e a s i n g  
tumour mass,  tumour c e l l  d i v i s i o n  a f t e r  an a v e ra g e  o f  9 days  p o s t  
i m p l a n t a t i o n ,  might  have  e q u i l i b r i a t e d  w i t h  c e l l  d e a t h  and q u i e s c e n c e .  
S t u d i e s  e l s e w h e r e ,  i n  which  the  c e l l  c y c l e  o f  Lewis lung  c a rc in o m a s  was 
m o n i to re d  u s i n g  f low c y t o m e t r y ,  have  however shown t h a t  t h e  p r o p o r t i o n  o f  
c e l l s  i n  p r o l i f e r a t i v e ,  S -pha se  was 52-55% be tw een  8 and 15 days  a f t e r  
i m p l a n t a t i o n  b u t  on ly  35% a t  23 days ( S t a r a c e  e t  a l , 1 9 82 ) .  D ur ing  the  
9-19 day p o s t  i m p l a n t a t i o n  p e r i o d ,  t h e  b a l a n c e  o f  t h e  m i t o t i c  c e l l  c y c l e  
i n  Lewis lung  ca rc inom a  p r o b a b l y  was no t  s u f f i c i e n t l y  d i s t u r b e d ,  to  
c o n t r i b u t e  s i g n i f i c a n t l y  t o  b i o c h e m i c a l  changes  a s s o c i a t e d  w i t h  i n c r e a s e  
in  tumour s i z e .  A l t e r a t i o n s  i n  enzymic a c t i v i t i e s  o r  i n  c o n c e n t r a t i o n s  o f  
c e l l u l a r  c o n s t i t u e n t s ,  r e p o r t e d  i n  t h i s  c h a p t e r ,  were more l i k e l y  t o  have  
been  due to  s p e c i f i c  changes  in  t h e  s y n t h e s i s ,  d e g r a d a t i o n  and t r a n s p o r t  
p r o c e s s e s  o f  Lewis lung  c e l l s  th a n  n o n - s y s t e m a t i c  f a c t o r s  such as  oedema 
and n e c r o s i s .
P r o t e i n  a s s a y
P r o t e i n  c o n c e n t r a t i o n s  o f  m urine  t i s s u e  homogenates  when d e t e r m i n e d
Dy th e  more e s t a o n s n e a  c e cn n iq u e  or  L,owry ana c o -w o rx e r s  k u d u  were 
a p p r o x i m a t e l y  tw ic e  t h o s e  d e t e r m i n e d  u s i n g  Coomassie  b l u e  dye ( B r a d f o r d ,  
1977; S p e c t o r ,  1978) .  These  o b s e r v a t i o n s  d i f f e r  f rom t h o s e  o f  a s t u d y  i n  
which the  two methods  were compared f o r  t h e  e s t i m a t i o n  o f  p r o t e i n  
c o n c e n t r a t i o n  i n  human t i s s u e  homogena tes  (Westman and M a rk lund ,  1981) :  
no s i g n i f i c a n t  q u a n t i t a t i v e  d i f f e r e n c e s  were found.  The s e n s i t i v i t y  o f  
Coomassie  b l u e  r e a g e n t  to  d i f f e r i n g  t y p e s  o f  p r o t e i n  v a r i e s  s u b s t a n t i a l l y  
( P i e r c e  and S e u l t e r ,  1977;  Van Kley and H a le ,  1977) .  The Lowry p r o c e d u r e  
has  a l s o  been  r e p o r t e d  t o  show v a r i a b i l i t y  i n  i t s  q u a n t i t a t i o n  o f  
d i f f e r i n g  p r o t e i n s  ( B r a d f o r d ,  1977; Sedmark and G r o s s b e r g ,  1 9 7 7 ) .  I n  t h e  
p r e s e n t  s t u d i e s ,  however ,  t h e  q u a l i t a t i v e  e s t i m a t i o n s  o f  p r o t e i n  
c o n c e n t r a t i o n  o f  d i f f e r i n g  m ur ine  t i s s u e  homogenates  were s i m i l a r  f o r  
b o t h  a s s a y s .  For  r e a s o n s  g i v e n  i n  t h e  Methods s e c t i o n ,  t h e  p r o c e d u r e  
u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  was p r e f e r r e d  to  t h a t  employ ing  Coomassie  
b l u e  r e a g e n t ,  i n  a l l  e x c e p t  t h e  p r e l i m i n a r y  e x p e r i m e n t s  o f  t h i s  t h e s i s .
A n t i o x i d a n t  d e f e n c e  enzymes
Supe rox ide  d i s m u t a s e :  The SOD a c t i v i t i e s  o f  c y t o s o l i c  and m i t o c h o n d r i a l
f r a c t i o n s  from Lewis lung  ca rc inom a s  and o t h e r  m ur ine  t i s s u e s  were h e a t  
l a b i l e ,  and were a p p r o p r i a t e l y  r e s i s t a n t  o r  s e n s i t i v e  t o  t r e a t m e n t  w i t h  
v a r i o u s  r eg im ens  r e p o r t e d  to  d i f f e r e n t i a t e  Cu/Zn-  and Mn-SOD ( F r i d o v i c h ,  
1982b;  G e l l e r  and Winge, 1983) .  The a c t i v i t y  d e t e r m i n e d  f o r  c y t o s o l i c  
f r a c t i o n s  from m urine  t i s s u e s  p r o b a b l y  c o r r e s p o n d e d  to  c u p r o z i n c  SOD 
whereas  t h a t  o f  t h e  m i t o c h o n d r i a l  f r a c t i o n s  was a n a l o g o u s  to  t h e  
manganous i soenzyme.  Lewis lung  ca rc inom a  c e l l s ,  i n  common w i t h  o t h e r  
tumours ,  have m i t o c h o n d r i a  w i t h  a b e r r a n t  u l t r a s t r u c t u r a l  f e a t u r e s  ( S a t o  
e t  a l , 1982) .  M i t o c h o n d r i a l  SOD i s  n o t  m e m b r a n e - a s s o c i a t e d  b u t  l o c a l i z e d  
in  t h e  m i t o c h o n d r i a l  i n t e r s p a c e  ( S t e i n  e t  a l , 1982) .  M i t o c h o n d r i a l  
f r a g i l i t y  might  t h e r e f o r e  be e x p r e s s e d  by l e a k a g e  o f  MN-SOD, d u r i n g  
t i s s u e  p r o c e s s i n g  i n t o  t h e  s o l u b l e  f r a c t i o n .  The a b s en c e  o f  s i g n i f i c a n t
d u & - s e n s i c i v e ,  M n-auu- i iK e  a c c i v i c y  m  c y c o s o i  o r  .Lewis lung  tumour 
t i s s u e  (and t h a t  o f  l i v e r  and l u n g )  i n d i c a t e d  t h a t  m i t o c h o n d r i a ,  i s o l a t e d  
by th e  p r o c e d u r e s  o f  t h e  p r e s e n t  s t u d i e s ,  were e f f e c t i v e l y  i n t a c t .
D i m in u t io n  o f  SOD a c t i v i t y  i n  tumours ,  r e l a t i v e  to  t h e i r  t i s s u e  o f  
o r i g i n ,  has  been  a  c o m p a r a t i v e l y  common o b s e r v a t i o n  ( O b e r l e y  and 
B e u t t n e r ,  1979; T i s d a l e  and Mahmoud, 1983; Hoffman e t  a l , 1985 ) .  The 
r e l a t i v e l y  low Cu/Zn-SOD a c t i v i t y  o f  Lewis lung  c a rc in o m a  i s  c o n s i s t e n t  
w i th  o b s e r v a t i o n s  e l s e w h e r e  f o r  Lewis lung  ( P e s k i n  e t  a l , 1977;  Van 
Balgooy and R o b e r t s ,  1978) .  C y t o s o l i c  SOD o f  o t h e r  r o d e n t  neop la sm s  have  
a l s o  been  r e p o r t e d  t o  be Towered in  compar ison  to  no rmal  t i s s u e s  (Bozz i  
e t  a l , 1976;  P e s k i n  e t  a l , 1977;  Van Balgooy and R o b e r t s ,  1978;  D i n e s c u -  
Romalo and M ih a i ,  1979;  B a r t o l i  e t  a l , 1980; B ize  e t  a l , 1980;  Takada e_t 
a l , 1 9 8 2 ) . ) .  Cu/Zn-SOD a c t i v i t i e s  o f  human tumours  have  b e e n  g e n e r a l l y
r e p o r t e d  to  be l e s s  t h a n  t h o s e  o f  the  t i s s s u e s  o f  o r i g i n ,  a l t h o u g h  t h e r e  
i s  l a r g e  o v e r l a p  be tw een  th e  r a n g e s  o f  a c t i v i t i e s  d e t e r m i n e d  f o r  no rmal  
and t r a n s f o r m e d  t i s s u e s  (Sykes e t  a l , 1978; G a l e o t t i  e t  a l , 1980;  Westman 
and M ark lund,  1981;  Hoffman e t  a l , 1985) .  Human leukaem ic  c e l l s  (Yamanka 
e t  a l , 1979)  and c o l o n  ca rc inom a s  (Baur and Wendel,  1980)  h a v e ,  however ,  
been  o b s e rv e d  to  have  g r e a t e r  Cu/Zn-SOD a c t i v i t i e s  t h a n  t h e i r  non-  
n e o p l a s t i c  c o u n t e r p a r t s .
Comparison o f  a  v a r i e t y  o f  r a t  and mouse neop la sm s  h a v e  shown t h a t
the  f a s t e r  t h e  r a t e  o f  growth  o f  the  tumour,  t h e  low er  t h e  c y t o s o l i c  SOD
a c t i v i t y  ( B a r t o l i  e t  a l , 1980) .  T o t a l  SOD a c t i v i t y  (as sumed  to  be
p r i m a r i l y  t h e  Cu/Zn isoenzym e;  O b e r le y  and B e u t t n e r ,  1979)  o f  E h r l i c h  
a s c i t e s  c a rc inom as  however has  been o b se rve d  to  be g r e a t e s t  d u r i n g  t h e  
p e r i o d  o f  maximum tumour g row th ,  s h o r t l y  a f t e r  t r a n s p l a n t a t i o n ,  b u t
d e c r e a s e d  c o n s i d e r a b l y  d u r i n g  advanced tumour growth  ( L a n k in  and 
G u r e v ic h ,  1976) .  The o b s e r v a t i o n s  o f  Lank in  and G u r e v ic h  compare w i t h  
t h o s e  o f  s t u d i e s  i n  which Cu/Zn SOD a c t i v i t i e s  o f  Lewis l u n g  c a rc in o m a
w ere  o o s e r v e a  i_o a e c r e a s e  xxom a  v a x u e  s m r i a r  xo m a t  ox xu ug ,  ax y a a y s  
p o s t  i m p l a n t a t i o n ,  to  a c t i v i t i e s  s i g n i f i c a n t l y  l e s s  by t h e  15 th  day 
(Capel  and T h o r n l e y ,  1982) .  The p r e s e n t  s t u d i e s ,  however ,  d i d  n o t  show 
any v a r i a t i o n  i n  t h e  a c t i v i t y  o f  t h e  c y t o s o l i c  f r a c t i o n  from Lewis lung 
tumours o f  13 to  17 days a f t e r  t r a n s p l a n t a t i o n .  As tumour volume 
e n l a r g e d ,  t i s s u e  o x y g e n a t i o n  w i l l  have d e c r e a s e d  and t h e  r e l a t i v e  
p r o p o r t i o n  o f  hypox ic  c e l l s  and n e c r o t i c  m a t e r i a l  w i l l  have s u b s e q u e n t l y  
i n c r e a s e d  The c o m p a r a t i v e l y  g r e a t e r  Cu/Zn-SOD a c t i v i t y  r e p o r t e d  f o r  day 9 
Lewis lung ca rc inom a  thus  m igh t  have  been  a s s o c i a t e d  w i t h  t h e  b e t t e r  
o x y g e n a t i o n  o f  tumours  o f  s m a l l e r  volume ( s e e  l a t e r ) .  Lewis  lung 
ca rc in om as  o f  9 days p o s t  i m p l a n t a t i o n  were on ly  j u s t  p a l p a b l e .  There  
thus  co u ld  have  been  a r e l a t i v e l y  g r e a t e r  c o n t r i b u t i o n  to  Cu/Zn-SOD 
a c t i v i t y  by h o s t  t i s s u e s  i n  Lewis  lung tumours  o f  e a r l y  g row th .
The g r e a t e r  s p e c i f i c  Mn-SOD a c t i v i t y  o f  Lewis lung c a r c in o m a  than  
p a r e n t  t i s s u e ,  l u n g ,  d e t e r m i n e d  i n  the  p r e s e n t  s t u d i e s ,  i s  p o s s i b l y  t h e  
f i r s t  r e p o r t  o f  i t s  k in d  c o n c e r n in g  an animal  tumour m odel .  Th is  
o b s e r v a t i o n  c o n f l i c t s  w i t h  t h o s e  o f  o t h e r  r e p o r t s  (D inescu -Rom alo  and 
M iha i ,  1979; O b e r le y  and B e u t t n e r ,  1979; Takada e t  a l , 1 9 8 2 ) ,  i n  which 
l i t t l e  o r  no Mn-SOD was d e t e r m i n e d  i n  tumours .  I n  human tumours  and 
n e o p l a s t i c  c e l l  l i n e s  d e p r e s s i o n  o f  Mn-SOD i s  no t  so a p p a r e n t :  Mn-SOD in
some human tumours  has  been  r e p o r t e d  to  be g r e a t e r  t h a n  c o m p a r a t i v e  
normal  t i s s u e s  (Westman and Mark lund ,  1981;  Marklund e t  a l , 1 9 82 ) .  The 
d i s c r e p a n c y  i n  t h e  p a t t e r n  o f  Mn-SOD a c t i v i t i e s  be tw een  human and a n im a l  
neop lasms m igh t  have been  due to  the  p r e s e n c e  o f  Mn-SOD i n  t h e  c y t o s o l  o f  
human t i s s u e s  b u t  n o t  i n  t h a t  o f  an im a l  t i s s u e s ,  which  c o n t a i n  Mn-SOD 
o n ly  i n  t h e  m i t o c h o n d r i a l  m a t r i x  (Marklund e t  a l , 1 9 82 ) .  The many 
o b s e r v a t i o n s  o f  d i m i n i s h e d  m i t o c h o n d r i a l  SOD in  an im a l  tumours  have  
s e rv e d  as  the  b a s i s  o f  h y p o t h e s e s  t h a t  d i m i n u t i o n  o f  Mn-SOD i s  t h e  c a u s e  
o f  n e o p l a s t i c  t r a n s f o r m a t i o n  ( O b e r l e y  e t  a l , 1981) .  The c o n c l u s i o n s  o f  
O b e r le y  and co -w o rk e r s  a r e  however  ba sed  on a l i m i t e d  number o f  c a n c e r
m odels ,  p r i m a r i l y  hepa tomas  (Marklund e t  a l , 1982) .  S t u d i e s  i n  which SOD 
isoenzymes  o f  a r an g e  o f  r a t  and mouse tumours ,  i n c l u d i n g  Lewis lung 
ca rc inom a  ( two s a m p l e s ) ,  were d e t e c t e d  u s i n g  p o l y a c r y l a m i d e  g e l  e l e c t r o ­
p h o r e s i s  showed t h a t  Mn-SOD was b a r e l y  d e t e c t a b l e  i n  tumours  (Van Balgooy 
and R o b e r t s ,  1978) .  P h o t o g ra p h s  o f  g e l s ,  used  f o r  t h e  e l e c t r o p h o r e t i c  
s e p a r a t i o n  o f  m ur ine  lung  ( t h e  r e f e r e n c e  t i s s u e  to  Lewis lung  c a rc in o m a )  
from the  s t u d i e s  o f  Van Balgooy and R o b e r t s  d i d  n o t  however  show bands 
c o r r e s p o n d i n g  to  Mn-SOD a c t i v i t y .  The methods used  i n  t h e s e  s t u d i e s  to  
s e p a r a t e  and d e t e c t  SOD were p o s s i b l y  too i n s e n s i t i v e  to  compare Lewis 
lung  c a rc inom as  w i t h  pulmonary t i s s u e .
C a t a l a s e :  E t h a n o l  i s  i n c l u d e d  i n  many a s s a y  p r o c e d u r e s  to  d e t e r m i n e
c a t a l a s e  a c t i v i t y  b e c a u s e  i t  a p p a r e n t l y  decomposes t h e  i n a c t i v e  c a t a l a s e  
complex w i th  1 ^ 0  ^ (complex I I )  and t h e r e b y  maximizes  t h e  c a t a l a s e
a c t i v i t y  t h a t  can be d e t e c t e d  (Cohen e t  a l , 1970) .  When e t h a n o l  (1% w/v)  
was i n c o r p o r a t e d  w i t h  t h e  samples  and b o v in e  l i v e r  s t a n d a r d s  (S igm a),  
u sed  in  t h e  p r e s e n t  s t u d i e s ,  no c a t a l a s e  a c t i v i t y  c o u ld  be d e t e c t e d .  
C a t a l a s e  i s  i n a c t i v a t e d  by a wide v a r i e t y  o f  s u b s t a n c e s  (Kampschmidt , 
1965) ,  which m igh t  have  i n c l u d e d  a co n ta m in a n t  in  t h e  e t h a n o l  ( a b s o l u t e
a l c o h o l )  used i n  t h e  p r e s e n t  i n v e s t i g a t i o n s .
C a t a l a s e  a c t i v i t y  was d e te r m in e d  to  be s i g n i f i c a n t l y  l e s s  i n  Lewis 
lung  ca rc in om a t h a n  pu lmonary  t i s s u e .  N e c r o s i s  and p o s t - m o r t e m  a u t o l y s i s  
m igh t  have l i b e r a t e d  s u b s t a n c e s  t h a t  i n h i b i t e d  c a t a l a s e  a c t i v i t y  o f  Lewis 
lung  ca rc in om a i n  v i t r o  (H a rg r e a v e s  e t  a l , 1959) .  C a t a l a s e  a c t i v i t y  has  
been  r e p o r t e d  to  be c o m p a r a t i v e l y  low o r  a b s e n t  in  o t h e r  a n im a l  tumours  
(Ono, 1966; Bozz i  e t  a l , 1976; Docampo e t  a l , 1979; P i n t o  e t  a l , 1980; 
Sun and Cederbaum, 1980; T i s d a l e  and Mahmoud, 1983; W i l l i a m s - S m i t h  e t  a l , 
1984) .  S t u d i e s  o f  human c a n c e r s  have  a l s o  r e p o r t e d  lower  c a t a l a s e  a c t i v ­
i t i e s  than  i n  c o m p a r a t i v e  normal  t i s s u e s  (Wickramsinghe e t  a l , 1976;  Baur 
and Wendel , 1980;  Hoffman e t  a l , 1985) .  Many of  t h e  above  tumour models
were however  compared w i t h  t i s s u e s  such as l i v e r  o r  k i d n e y ,  which have 
r e l a t i v e l y  g r e a t e r  c a t a l a s e -  a c t i v i t i e s  th a n  o t h e r  n o n - n e o p l a s t i c  t i s s u e s .  
No g e n e r a l  d i f f e r e n c e s  i n  c a t a l a s e  a c t i v i t y  can be o b s e r v e d  be tw een  
normal  t i s s u e s  and t r a n s f o r m e d  t i s s u e s  ( G r e e n s t e i n ,  1956;  Mark lund e t  a l ,
1982) .  I n v e s t i g a t i o n s  o f  6 d i f f e r i n g  murine  tumour models  have  demon­
s t r a t e d  an a p p r o x i m a t e l y  6 0 - f o l d  v a r i a t i o n  in  c a t a l a s e  a c t i v i t y  (Nathan  
e t  a l , 1980) .  The r e l a t i v e l y  low c a t a l a s e  a c t i v i t y  o f  Lewis lung 
ca rc inom a  was n o t  n e c e s s a r i l y  c h a r a c t e r i s t i c  o f  n e o p l a s t i c  t i s s u e s .
G l u t a t h i o n e  p e r o x i d a s e :  The o b s e r v a t i o n  t h a t  GSH p e r o x i d a s e  a c t i v i t i e s
o f  Lewis lung  c a rc inom a  and m urine  l u ng ,  when a s s a y e d  w i t h  cumene as  
s u b s t r a t e ,  d i d  n o t  s i g n i f i c a n t l y  d i f f e r  from d e t e r m i n a t i o n s  u s i n g  ^ 0 2 , 
i n f e r s  t h a t  a l l  GSH p e r o x i d a s e  a c t i v i t y  in  lung and Lewis  lung  ca rc inom a  
was a t t r i b u t a b l e  to  the  s e l e n i u m - d e p e n d e n t  enzyme. S e l e n i u m - f r e e  GSH 
p e r o x i d a s e  has  been  r e p o r t e d  to  r e p r e s e n t  on ly  10% o f  t h e  GSH p e r o x i d a s e  
a c t i v i t y  o f  r a t  lung  ( J e n k i n s o n  e t  a l , 1983) ,  and to  be a b s e n t  i n  human 
f o e t a l  lung ( P o l i d o r o  e t  a l , 1982) .  GSH p e r o x i d a s e  o c c u r s  p r e d o m i n a n t l y  
i n  t h e  c y t o s o l  o f  mammalian c e l l s  ( C i k r y t  e t  a l , 1982) .  The o b s e r v a t i o n  
t h a t  c y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t y  was s i g n i f i c a n t l y  l e s s  i n  Lewis 
lung ca rc in om a t h e r e f o r e  a f f i r m s  p r e l i m i n a r y  s t u d i e s  i n  which GSH 
p e r o x i d a s e  a c t i v i t y  i n  homogenates  o f  Lewis lung  c a rc in o m a  was r e p o r t e d
to  be r e l a t i v e l y  low (Cape l  and T h o r n le y ,  1982) .  M i t o c h o n d r i a l  GSH
p e r o x i d a s e  a c t i v i t y  o f  Lewis lung ca rc in om a was however  s i m i l a r  to  t h a t  
o f  m urine  lung .  M i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t y  i n  E h r l i c h  a s c i t e s  
tumours has  a l s o  been  d e m o n s t r a t e d  to  be r e l a t i v e l y  p ronounced  (Hosoda
and Nakamura,  1970) .  ^ © 2 , p o s s i b l y  g e n e r a t e d  by t h e  c o m p a r a t i v e l y
e l e v a t e d  Mn-SOD a c t i v i t y  o f  t h e  Lewis lung tumour m i t o c h o n d r i a ,  c o u ld  
p resum ably  have been  a d e q u a t e l y  d e t o x i f i e d  by m i t o c h o n d r i a l  GSH 
p e r o x i d a s e .  C y t o s o l i c  GSH p e r o x i d a s e ,  which m e t a b o l i z e s  e x t r a -  
m i t o c h o n d r i a l  p e r o x i d e s  and p e r o x i d e s  p roduced  by t h e  o u t e r  m i t o c h o n d r i a l  
membrane ( G a n th e r  e t  a l , 1976) ,  m igh t  however  have  been  l i m i t i n g  i n  Lewis
lung tumour cells.
GSH p e r o x i d a s e  a c t i v i t i e s  o f  r o d e n t  and human hepa to m as  have  been  
r e p o r t e d  to  be s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  c o m p a r a t i v e  no rm a l  l i v e r s  
(Bozz i  e t  a l , 1976;  P e s k i n  e t  a l , 1977;  C o r r o c h e r  e t  a l , 1980; R o s s i  e_t 
a l , 1983; C a s a r i l  e t  a l , 1985) .  H e p a t i c  t i s s u e  however  has  c o n s i d e r a b l y  
g r e a t e r  GSH p e r o x i d a s e  a c t i v i t y  t h a n  o t h e r  t i s s u e s  ( G a n th e r  e t  a l , 1976) .  
I n v e s t i g a t i o n s  o f  m urine  and human tumours ,  d e r i v e d  from t i s s u e s  o t h e r  
t h a n  l i v e r ,  have  n o t  g e n e r a l l y  shown any d i f f e r e n c e s  be tw een  th e  GSH 
p e r o x i d a s e  a c t i v i t i e s  o f  n e o p l a s t i c  t i s s u e s  and no rmal  t i s s u e s  (Hosoda 
and Nakamura,  1970; Marklund e t  a l , 1982; Lane and Medina ,  1983;  T i s d a l e  
e t  a l , 1983;  Hoffman e t  a l , 1985) .  GSH p e r o x i d a s e  a c t i v i t i e s  o f  human 
c o lo n  ca rc inom a  e x c i s i o n s ,  have been  r e p o r t e d  to  be more t h a n  tw i c e  t h a t  
o f  n o n - n e o p l a s t i c  c o lo n  t i s s u e  (Baur  and Wendel ,  1980) .  The r e l a t i v e l y  
low c y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t y  o f  Lewis  lung  c a rc in o m a  was thus  
no t  e v id e n c e  o f  any g e n e r a l  p e r t u r b a t i o n  o f  t h e  e x p r e s s i o n  o f  c y t o s o l i c  
GSH p e r o x i d a s e  i n  n e o p l a s t i c  c e l l s  ( O b e r l e y  and S p i t z ,  1984) .
O t h e r  enzymes m e d i a t i n g  GSH t u r n o v e r
GSH p r o d u c t i o n :  I n t r a c e l l u l a r  GSH can be o x i d i z e d  by f r e e  r a d i c a l
r e a c t i o n s  (Kosower and Kosower, 1976b) ,  o r  n o n - e n z y m i c a l l y  by GSH 
p e r o x i d a s e  and t r a n s h y d r o g e n a s e s  ( M e i s t e r  and Anderson ,  1 9 83 ) .  GSSG i s  
r educ e d  back  t o  GSH by GSSG r e d u c t a s e .  I n  t h e  p r o c e d u r e  o f  t h e  p r e s e n t  
s t u d i e s  to  d e t e r m i n e  GSSG r e d u c t a s e  a c t i v i t y ,  r e a c t i o n s  were i n i t i a t e d  by 
add in g  GSSG t o  the  a s s a y  m i x t u r e s ,  which c o n t a i n e d  t h e  c o - s u b s t r a t e ,  
NADPH. I t  ha s  r e c e n t l y  been  r e p o r t e d ,  however ,  t h a t  p r e i n c u b a t i o n  o f  GSSG 
r e d u c t a s e  w i t h  NADPH, i n  t h e  a b s en c e  o f  GSSG, c a u s e s  s u b s t a n t i a l  t i m e -  
dep e n d en t  l o s s  o f  GSSG r e d u c t a s e  a c t i v i t y  (Pod ra z ky  and S t e v e n ,  1984) .  
The c o n s i s t e n t  v a l u e s  o b t a i n e d  f o r  GSSG r e d u c t a s e  a c t i v i t i e s  ( t a b l e  2 . 4 )  
i n  t h e  p r e s e n t  s t u d i e s ,  s u g g e s t e d  t h a t  i n h i b i t i o n  o f  t h e  enzyme by NADPH 
was no t  e x c e s s i v e .  The p r e s e n c e  o f  endogenous t h i o l s  o r  t h e  i n c l u s i o n  o f
co-enzyme,  FAD were p o s s i b l y  s u f f i c i e n t  to  c o u n t e r a c t  i n h i b i t i o n  o f  GSSG 
r e d u c t a s e  by NADPH.
The r e l a t i v e l y  pronounced  GSSG r e d u c t a s e  a c t i v i t y  e v a l u a t e d  f o r  
Lewis lung  ca rc inom a  has  been  o b s e rv e d  e l s e w h e r e  (Manso e t  a l , 1958) .  
E l e v a t e d  GSSG r e d u c t a s e  a c t i v i t i e s  have  been  r e p o r t e d  f o r  m u r in e  mammary 
adenoca rc inom as  and E h r l i c h  a s c i t e s  tumours ,  r a t  R320AC tumours  and human 
hepa tomas (Hosoda and Nakamura,  1970; H i l f  e t  a l , 1978; S u o ja n e n  e t  a l , 
1980; C o r r o c h e r  e t  a l , 1980) .  A r e l a t i v e l y  h i g h  GSSG r e d u c t a s e  a c t i v i t y  
has  been p o s t u l a t e d  t o  be p r e r e q u i s i t e  o f  n e o p l a s t i c  growth  ( H i l f  e t  a l , 
1978) .  E x c e p t i o n s ,  such  as  the  r e l a t i v e l y  low a c t i v i t y  o b s e r v e d  f o r  
Ridgeway o s t e o g e n i c  sarcoma (Manso e t  a l , 1958) ,  r a t  hepa to m as  ( R o s s i  e_t 
a l ,  1983)  and c a n c e r  c e l l s  o f  lymphocyte  o r i g i n  ( T i s d a l e  and Mahmoud, 
1983) ,  however  n e g a t e  any g e n e r a l i z a t i o n s  c o n c e r n i n g  GSSG r e d u c t a s e  
a c t i v i t i e s  o f  n e o p l a s t i c  c e l l s .
The r e d u c t i o n  o f  GSSG to  GSH u s e s  NADPH f u r n i s h e d  by t h e  p e n t o s e  
p h o s p h a te  s h u n t  ( E l s a y e d  e t  a l , 1982) .  H y d r o p e ro x id e  m e t a b o l i s m ,  v i a  t h e  
GSH p e r o x i d a s e /  GSSG r e d u c t a s e  c o u p l e t  i s  t hus  d i r e c t l y  l i n k e d  to  g l u c o s e  
m e ta b o l i s m  ( f i g u r e  2 . 1 ;  Hosoda and Nakamura,  1970) .  R e l a t i v e l y  e l e v a t e d  
GSSG r e d u c t a s e  a c t i v i t y  i n  Lewis lung and o t h e r  tum ours ,  c o u l d  p r o v i d e
NADP+ f o r  t h e  p e n t o s e  p h o s p h a te  pathway and o t h e r  c a t a b o l i c  p r o c e s s e s .  
The p e n t o s e  p h o s p h a te  pathway g e n e r a t e s  p e n t o s e  s u g a r s  n e c e s s a r y  f o r  t h e  
b i o s y n t h e t i c  pathways o f  d i v i d i n g  t i s s u e s ,  such as  tumours  (Weber ,  1 9 77 ) .
G l u c o s e - 6- p h o s p h a t e  de h y d ro g e n a s e  a c t i v i t i e s ,  d e t e r m i n e d  f o r  Lewis 
lung c a rc in o m a ,  were a p p r o x i m a t e l y  one q u a r t e r  o f  t h a t  o f  pu lmonary
t i s s u e .  As g l u c o s e - 6 - p h o s p h a t e  d e h yd roge na se  i s  t h e  r a t e - l i m i t i n g  enzyme 
o f  t h e  p e n t o s e  p h o s p h a te  pathway (Weber, 1977; E l s a y e d  e t  a l , 1 9 8 2 ) ,  t h e  
a c t i v i t y  o f  t h e  pathway i n  Lewis lung  ca rc inom a  c o u ld  have  b e e n  s i g n i f ­
i c a n t l y  low. NADPH, which a l s o  a c t s  as  a r e d u c i n g  a g e n t  i n  many b i o ­
s y n t h e t i c  p r o c e s s e s  (Weber , 1977; Ross e t  a l , 1982) ,  m ig h t  h a v e  be e n
been  r e p o r t e d  t o  be r e l a t i v e l y  d i m i n i s h e d  in  m urine  tumours  ( G r e e n s t e i n ,  
1956;  Smith and King ,  1970) ,  and in  r a t  hepa tomas  ( N i s h i z u k a  and 
H a y a i s h i ,  1966;  Ross e £  a l ,  1982) .  GSSG r e d u c t a s e  a c t i v i t y ,  as  d e t e r m i n e d  
i n  t h e  p r e s e n t  s t u d i e s ,  may m ere ly  have  r e p r e s e n t e d  t h e  c o n c e n t r a t i o n  o f  
t he  enzyme i n  t h e  ca rc inom a  (and o t h e r  m ur ine  t i s s u e s )  b e c a u s e  i t s  
a c t i v i t y  i n  v i v o  was l i m i t e d  by t h e  a v a i l a b i l i t y  o f  NADPH, and p o s s i b l y  
FAD.
In  common w i t h  Lewis lung  c a rc in o m a ,  m ur ine  mammary c a rc in o m a s  have  
been  o b s e rv e d  to  have c o m p a r a t i v e l y  low g l u c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e  
a c t i v i t i e s  ( K ope lov ic h  e t  a l , 1966;  Smith and King ,  1970 ) .  Normal  m ur ine  
l a c t a t i n g  mammary g l a n d  u t i l i z e s  a s i g n i f i c a n t  p r o p o r t i o n  o f  i t s  g l u c o s e  
v i a  t h e  p e n t o s e  p h o s p h a te  s h un t  whereas  B a r r e t t  mammary ad e n o ca rc in o m as  
o f  mice have been  r e p o r t e d  to  m e t a b o l i z e  g l u c o s e  by g l y c o l y s i s  on ly  
(Abraham and C h a i k o f f ,  1964) .  O t h e r  s t u d i e s  o f  p r e n e o p l a s t i c  and neo­
p l a s t i c  m urine  a d e n o c a r c in o m a s ,  have  shown t h c t  i n a c t i v e  monomeric  and 
d i m e r i c  forms o f  g l u c o s e - 6- p h o s p h a t e  de h y d ro g e n a s e  p r e d o m i n a t e  o v e r  t h e  
normal  a c t i v e  t e t r a m e r i c  enzyme ( H i l f  e t  a l , 1978 ) .  P e n t o s e  monophosphate  
pathway a c t i v i t i e s  and g l u c o s e - 6- p h o s p h a t e  d e h y d ro g e n a s e  a c t i v i t i e s  o f  
r o d e n t  hepa tomas  have  been  g e n e r a l l y  o bse rve d  to  be  g r e a t e r  t h a n  t h a t  o f  
normal  l i v e r  (Abraham and C h a i k o f f ,  1964; Ono, 1966; Shonk e t  a l . 1965; 
Weber,  1967) .  H e p a t i c  t i s s u e  o f  r a t s  and mice , however  have r e l a t i v e l y  
low p e n t o s e  p h o s p h a te  pa thway a c t i v i t i e s  (Abraham and C h a i k o f f ,  1964;  
Knox, 1967) .  G l u c o s e - 6 - p h o s p h a t e  de h y d ro g e n a s e  a c t i v i t i e s  (and  p e n t o s e  
p h o s p h a te  pa thway a c t i v i t i e s )  o f  n e o p l a s t i c  t i s s u e s  has  t h e r e f o r e  been  
co n c lu d e d  to  be g e n e r a l l y  i n t e r m e d i a t e  in  v a l u e  b e tw een  t h e  l o w e r  and 
u p p e r  e x t r e m e s  d e t e r m i n e d  f o r  normal  t i s s u e s  (Knox, 1967) .
G am m a -g lu ta m y lc ys te ine  s y n t h e t a s e  a c t i v i t y  i n  Lewis  lung  c a r c i n o m a s ,  
14 days a f t e r  i /m  i m p l a n t a t i o n ,  was s i g n i f i c a n t l y  l e s s  t h a n  t h a t  of
normal  m ur ine  lung .  Ra t  N ov ik o f f  hepatomas have be e n  r e p o r t e d  to  have 
c o n s i d e r a b l y  l e s s  ' y g l utamy l c y s t e i-ne s y n t h e t a s e  a c t i v i t i e s  t h a n  non­
n e o p l a s t i c  a d u l t  r a t  l i v e r  (W ir th  and T h o r g i e r s s o n ,  1978) .  The i n c r e a s e  
i n  ' y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  a c t i v i t y ,  o b s e r v e d  f o r  Lewis  lung  
ca rc inom a  removed a t  15 and 17 days p o s t  i m p l a n t a t i o n  m ig h t  have  been  
i n d i c a t i v e  o f  a r e q u i r e m e n t  f o r  g r e a t e r  GSH c o n c e n t r a t i o n s  as  tumour 
volume i n c r e a s e d .  An i n v e r s e  r e l a t i o n  has  been  shown be tw een  c e l l u l a r  GSH 
c o n c e n t r a t i o n  and s u s c e p t i b i l i t y  o f  m ur ine  tumour c e l l s  to  e x t e r n a l l y -  
g e n e r a t e d  ^2^2  ^ a t ^ an e t  a i » 1980) .  The i n c r e a s e  i n  G S H - s y n th e s i z i n g  
a b i l i t y ,  d e t e c t e d  i n  Lewis lung  c a rc in o m a s ,  m ig h t  have  r e p r e s e n t e d  an 
a d a p t a t i o n  by th e  c e l l s  o f  t h e  tumour to  c o u n t e r a c t  ^ 2 ^ 2 ’ P roduced  by 
in v a d i n g  m acrophages .  E l e v a t i o n  o f  'y“ 8 l utamy l c y s t e i ne s y n t h e t a s e  a c t i v i t y  
p o s s i b l y  c o r r e l a t e s  w i t h  GSH c o n c e n t r a t i o n  and GSH/GSSG r a t i o  which were 
r e p o r t e d  to  i n c r e a s e  w i th  i n c r e a s i n g  w e ig h t  o f  Lewis lung  ca rc inom a  
(Capel  and T h o r n l e y ,  1983) .  The change in  ' y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  
a c t i v i t y  and the  a p p r e c i a b l e  GSSG r e d u c t a s e  a c t i v i t y  o f  Lewis  lung  
tumours  may w e l l  have been  c a u s a t i v e  o f  the  d i s t u r b a n c e  i n  g l u t a t h i o n e  
c o n c e n t r a t i o n s ,  o b s e rv e d  in  p r e l i m i n a r y  s t u d i e s  (Cape l  and T h o r n l e y ,
1983) .
GSH d e g r a d a t i o n :  S u b c e l l u l a r  GSH c o n c e n t r a t i o n  must  a l s o  r e f l e c t  t h e
r a t e  o f  GSH breakdown and u t i l i z a t i o n  ( T a t e i s h i  e t  a l , 1974) .  GSH may be 
l o s t  f rom t h e  c e l l  due to  o x i d a t i o n ,  c o n j u g a t i o n  to  e l e c t r o p h i l e s  v i a  GSH 
S - t r a n s f e r a s e s , o r  t r a n s p o r t  ou t  of  the  c e l l  a c r o s s  t h e  p lasm a  membrane 
( M e i s t e r  and A nderson ,  1983) .  The d e g r a d a t i o n  o f  GSH (and a l s o  o f  GSSG 
and S - s u b s t i t u t e d  GSH) i s  c a t a l y z e d  by ' y - g lu t a m y l  t r a n s p e p t i d a s e  
( g l u t a t h i o n a s e )  which  b r e a k s  down GSH by h y d r o l y s i s  o r
t r a n s p e p t i d a t i o n  ( M e i s t e r ,  1982) .  A m a jo r  p r o p o r t i o n  o f  ' y ~ g l utamy l  
t r a n s p e p t i d a s e  i s  l o c a t e d  on th e  e x t e r n a l  s u r f a c e  o f  t h e  p lasm a  membrane 
and has  been  p o s t u l a t e d  to  be i n v o lv e d  in  t h e  t r a n s p o r t  o f  amino a c i d s  
( 'y -g lu tam y l  a c c e p t o r s )  i n t o  c e l l s  ( G r i f f i t h  and M e i s t e r ,  1979) .  The
n o .
t r a n s l o c a t i o n  o f  amino a c i d s  i n t o  t h e  c e l l  by ' y~ § lut am y l  t r a n s p e p t i d a s e  
and t h e  r e g e n e r a t i o n  o f  GSH v i a  a 5 enzyme pa thway (which i n c l u d e s  
^ y - g l u t a m y lc y s t e i n e  s y n t h e t a s e )  i s  termed t h e  Y“ g l u tam y l  c y c l e  ( F i a l a  ed: 
a l , 1976;  M e i s t e r  and A nderson ,  1 9 8 3 ) .
Lewis lung carcinomas were observed to have relatively little
✓
Y“ g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y  compared to  m u r in e  lung  ( a l t h o u g h  
s u b s t a n t i a l l y  g r e a t e r  a c t i v i t y  t h a n  l i v e r ) ,  i n d i c a t i n g  t h a t  Y- g l utamy l  
t r a n s p e p t i d a s e  p r o b a b l y  d i d  no t  a c c o u n t  f o r  any s i g n i f i c a n t  u t i l i z a t i o n  
o f  GSH i n  t h e  c a rc in o m a .  The c o m p a r a t i v e l y  d i m i n i s h e d  Y“ g l utamy l  t r a n s ­
p e p t i d a s e  a c t i v i t y  m ig h t  have h e lp e d  to  c o n s e r v e  GSH. Lewis lung 
ca rc inom a  c e l l s  p o s s i b l y  had a l t e r n a t i v e  mechanisms o f  t r a n s p o r t i n g  amino 
a c i d s  and s m a l l  p e p t i d e s  than  t h e  Y- g l u tamyl  c y c l e .  The c o m p a r a t i v e l y  low 
Y~ glu tamyl  t r a n s p e p t i d a s e  a c t i v i t y  i m p l i e s  t h a t  Lewis  lung  ca rc inom a 
c e l l s  had l i m i t e d  c a p a c i t y  to  form m e r c a p t u r i c  a c i d s  f rom GSH c o n j u g a t e s ,  
a pa thway in v o lv e d  i n  t h e  b i o s y n t h e s i s  o f  l e u k o t r i e n e  D ( M e i s t e r  and 
Anderson ,  1983) .  The i m p a i r e d  a b i l i t y  to  s y n t h e s i z e  c e r t a i n  l e u k o t r i e n e s  
cou ld  have a f f e c t e d  h o m e o s t a t i c  r e g u l a t o r y  p r o c e s s e s  i n  Lewis lung 
c a rc in o m a .
I n  c o n t r a s t  to  Lewis lung c a rc inom a ,  many n e o p la s m s ,  p a r t i c u l a r l y  
he p a to m as ,  have  been  o b s e rv e d  to  have g r e a t e r  Y ~ g i u tam y i  t r a n s p e p t i d a s e  
a c t i v i t i e s  t h a n  t h e i r  t i s s u e s  o f  o r i g i n  ( W i r th  and T h o r g e i r s s o n ,  1978; 
R i c h a r d s  e t  a l , 1982) .  The p r e s e n c e  o f  s i g n i f i c a n t  Y” § l utamy l  t r a n s ­
p e p t i d a s e  has  been  used  as  a m arker  f o r  p r e n e o p l a s t i c  f o c i  i n  r a t  l i v e r s  
( D r a g o s i c s  e t  a l , . 1975; Cameron e t  a l , 1978)  and f o r  n e o p l a s i a  i t s e l f  
( R o s a l k i ,  1975;  R i c h a r d s  e t  a l , 1982) .  Y“G lu tam y l  t r a n s p e p t i d a s e  a c t i v i t y  
i s  n o t  however  e l e v a t e d  i n  a l l  hepatomas ( F i a l a  e t  a l , 1972;  G o l d f a r b  and 
Pugh,  1981 ) .  Y ~ g lu t amy l  t r a n s p e p t i d a s e  a c t i v i t y  i n  r a t  hepa to m as  h a s  been  
r e p o r t e d  to  be w i t h i n  t h e  same ran g e  o f  a c t i v i t y  as  normal  t i s s u e s  such 
as  s m a l l  i n t e s t i n e ,  k i d n e y  and l a c t a t i n g  mammary g l a n d  ( F i a l a  e t  a l ,
1976) ,  i n d i c a t i n g  t h a t  t h e r e  a r e  p r o b a b l y  no s p e c i f i c  g e n e r a l i z a t i o n s  
c o n e r n i n g  y - g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t i e s  o f  n e o p l a s t i c  t i s s u e s .
GSH can a l s o  be u t i l i z e d  by c o n j u g a t i o n  r e a c t i o n s ,  c a t a l y z e d  by GSH 
S - t r a n s f e r a s e s  ( G S H - t r a n s f e r a s e s ; Chassaud ,  1979) .  As the  a s s a y  p r o c e d u r e  
o f  the  p r e s e n t  s t u d i e s ,  u sed  s t y r e n e  o x i d e  as  s u b s t r a t e ,  t h e  GSH- 
t r a n s f e r a s e  a c t i v i t y  d e te r m in e d  f o r  murine  lung  and Lewis lung  ca rc inom a  
p r i m a r i l y  c o r r e s p o n d e d  to  GSH S - e p o x id e  t r a n s f e r a s e  a c t i v i t y  (James jst  
a l , 1976) .  C y t o s o l i c  GSH t r a n s f e r a s e  a c t i v i t y  was s i g n i f i c a n t l y  g r e a t e r
i n  Lewis lung  ca rc inom a  than  pulmonary  t i s s u e .  Y o sh ida  AH-130 and M orr i s  
3924A hepa tomas  have  been  o b s e rv e d  to  have  c o n s i d e r a b l y  l e s s  s o l u b l e  
G S H - t r a n s f e r a s e  a c t i v i t y  t han  normal  r a t  l i v e r  ( R o s s i  e t  a l , 1983) .  
N e o p l a s t i c  t i s s u e  from m e t a s t a t i c  f o c i  on human l i v e r s  has  be e n  found to 
have l e s s  GSH S - a r y l  t r a n s f e r a s e  a c t i v i t y  th a n  no rmal  l i v e r  ( S i e g e r s  and 
Younes, 1983) .  The G S H - t r a n s f e r a s e  a c t i v i t y  o f  r a t  hepa to m as  was however  
d e t e r m i n e d  w i t h  l - c h l o r o - 2 ,  4 - d i n i t r o b e n z e n e  (CDNB), a d i f f e r e n t  
s u b s t r a t e  to  t h a t  o f  t h e  p r e s e n t  s t u d i e s ,  which has  h i g h  s p e c i f i c i t y  f o r  
t h e  b a s i c  G S H - t r a n s f e r a s e s  (Habig and Ja koby ,  1981) .  I n  t h e  r a t  t h e  b a s i c  
t r a n s f e r a s e s  ( t h o s e  isoenzymes  w i th  c o m p a r a t i v e l y  a l k a l i n e  i s o e l e c t r i c  
p o i n t s )  i n c l u d e  A, AA, B, C and D (Hayes and C h a lm e r s ,  1 9 83 ) .  O t h e r  GSH 
t r a n s f e r a s e s  , such as  GSH t r a n s f e r a s e s  E and X o f  r a t  l i v e r ,  a r e  
r e p o r t e d  to  have  c o m p a r a t i v e l y  l i t t l e  r e a c t i v i t y  w i t h  CDNB (Habig  and 
Ja koby ,  1981;  F r i e d b e r g  e t  a l , 1983) .  The d i m i n i s h e d  g e n e r a l  GSH- 
t r a n s f e r a s e  a c t i v i t i e s ,  r e p o r t e d  f o r  r a t  he p a to m as ,  m ig h t  have  c o n c e a l e d  
an unchanged o r  i n c r e a s e d  a c t i v i t y  o f  . one o r  more G S H - t r a n s f e r a s e  
i soenzym es .  The o b s e rv e d  G S H - t r a n s f e r a s e  a c t i v i t i e s  o f  Lewis  lung  
ca rc inom as  c o u ld  have  r e f l e c t e d  a  r e l a t i v e l y  c o n s p i c i o u s  a c t i v i t y  o f  j u s t  
one enzyme. O th e r  G S H - t r a n s f e r a s e s ,  p r e s e n t  i n  normal  lung  b u t  w i t h  
d i f f e r i n g  s u b s t r a t e  s p e c i f i c i t i e s ,  were p o s s i b l y  a b s e n t  o r  d i m i n i s h e d  i n  
Lewis lung c a rc in o m a .  F u t u r e  d e t e r m i n a t i o n s  o f  G S H - t r a n s f e r a s e  a c t i v i t y  
i n  Lewis lung  ca rc inom a  s hou ld  i n c l u d e  p r o c e d u r e s  to  d i f f e r e n t i a t e  t h e
v a r i o u s  s p e c i e s  o f  G S H - t r a n s f e r a s e s  (Habig and J a k o b y ,  1981)  to  overcome 
the  a m b i g u i t i e s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s .
Lewis Lung Carcinoma Cells Maintained by Tissue Culture: A Single Cell
Population
Lewis lung  ca rc inom a  c e l l s  f rom i n  v i t r o  t i s s u e  c u l t u r e  sys tem  
d i f f e r e d  from t h o s e  o f  s o l i d  tumour p r i m a r i l y  b e c a u s e  t h e y  were a p o p u l ­
a t i o n  o f  one c e l l  t y p e ,  and had e s s e n t i a l l y  u n l i m i t e d  a c c e s s  to  e s s e n t i a l  
n u t r i e n t s .  The oxygen t e n s i o n  o f  a p p r o x i m a t e l y  20% u n d e r  which c e l l s  in  
c u l t u r e  were m a i n t a i n e d ,  would a l s o  have  been  c o n s i d e r a b l y  g r e a t e r  than  
t h a t  o f  t h e  Lewis lung tumour,  which p r o b a b l y  c o n t a i n e d  a r e a s  o f  h y p o x i a .  
C u l t u r e d  Lewis lung ca rc inom a  c e l l s  would have been  p r o p o r t i o n a t e l y  more 
i n  m e taphase  t han  th e  c e l l s  o f  the  s o l i d  Lewis lung  tumour.  O b s e r v a t i o n s  
e l s e w h e r e  have  con f i rm e d  t h a t  i /m  im p la n te d  Lewis  lung  c a r c in o m a s ,  of  
e q u i v a l e n t  volume to  t h o s e  o f  the  p r e s e n t  s t u d i e s ,  have  a s i g n i f i c a n t l y  
lower p r o p o r t i o n  o f  c e l l s  in  S phase  o f  the  c e l l  c y c l e  t h a n  c e l l s  m a i n t ­
a in e d  i n  t i s s u e  c u l t u r e  ( S t a r a c e  e t  a l , 1982) .
The r e l a t i v e l y  low c y t o s o l i c  SOD a c t i v i t y  o f  Lewis lung  c e l l s  f rom 
the  i n  v i t r o  sy s tem  i n f e r s  t h a t  much of  t h e  a c t i v i t y  d e t e r m i n e d  f o r  
t i s s u e  from s o l i d  c a rc in o m a ,  was p o s s i b l y  c o n t r i b u t e d  by h o s t  c e l l s ,  such 
as  e r y t h r o c y t e s .  C y t o s o l i c  GSH p e r o x i d a s e  and 'y~g].utainyl-c y s t e i n e  
s y n t h e t a s e  a c t i v i t i e s  were however  s i m i l a r  b e tw een  th e  i n  v i v o  and t h e  i n  
v i t r o  s y s t e m s .  The c o n t r i b u t i o n  to  tumour enzyme a c t i v i t i e s  by 
e r y t h r o c y t e  enzmes was t hus  p r o b a b l y  n o t  s i g n i f i c a n t .
M i t o c h o n d r i a l  SOD o f  n e o n a t a l  r a t  lung has  been  r e p o r t e d  to  be 
i n d u c i b l e  by oxygen ( S t e v e n s  and A u to r ,  1977) .  C a t a l a s e  and GSH p e r o x ­
i d a s e  a c t i v i t i e s  o f  pa renchymal  c e l l s  f rom n e o n a t a l  r a t  lung  have  a l s o  
been  r e p o r t e d  to  have g r e a t e r  a c t i v i t i e s  a t  e l e v a t e d  oxygen t e n s i o n s  th a n  
a t  normal  oxygen t e n s i o n  (A u to r  e t  a l , 1979) .  As Lewis lung  c a rc in o m a
o r i g i n a t e d  i n  lung ,  t h e  a c t i v i t i e s  o f  i t s  a n t i o x i d a n t  d e f e n c e  enzymes 
m igh t  be i n d u c i b l e  by C^. The c o m p a r a t i v e l y  g r e a t e r  m i t o c h o n d r i a l  SOD and 
GSH p e r o x i d a s e  a c t i v i t i e s  o f  c u l t u r e d  Lewis lung  c e l l s  co u ld  p o s s i b l y  
r e f l e c t  t h e  g r e a t e r  oxygen t e n s i o n  o f  the  i n  v i t r o  growth  sys te m  compared 
to  t h a t  o f  t h e  s o l i d  tumour.
The transfer of Lewis lung carcinoma cells from the conditions of 
intramuscular implantation to those of tissue culture might have caused 
selection of a new cell population. Those cells able to survive at 
comparatively greater oxygen tension, that is those cells with greater 
antioxidant defence enzyme activities, would be expected to persist.
D i f f e r e n c e s  i n  t h e  a c t i v i t i e s  o f  a n t i o x i d a n t  d e f e n c e  enzymes be tw een  
c u l t u r e d  and i /m  embedded Lewis lung  ca rc in om a c e l l s  m igh t  a l s o  have  been 
caused  by th e  b e t t e r  n o u r i s h m e n t  o f  c e l l s  in  c u l t u r e  (Tannock ,  1982) .
^ 2^2 p r o d u c t i o n  by lung m i t o c h o n d r i a  and microsomes  has  been 
r e p o r t e d  to  be i n c r e a s e d  by h y p e r o x i a  ( T u r r e n s  e t  a l , 1982b) .  The
i n c r e a s e  i n  m i t o c h o n d r i a l  SOD a c t i v i t y  o f  c u l t u r e d  c e l l s  i n  c o m p a r i s o n  to
c e l l s  f rom s o l i d  Lewis lung c a rc in o m a s ,  was p r o p o r t i o n a t e l y  g r e a t e r  than
the  i n c r e a s e  in  m i t o c h o n d r i a l  GSH p e r o x i d a s e .  At t h e  r e l a t i v e l y  h y p e r o x i c  
c o n d i t i o n s  o f  t i s s u e  c u l t u r e  t h e r e  was p o s s i b l y  e x c e s s i v e  p r o d u c t i o n  o f  
^2^2 ky Mn-SOD o f  Lewis lung  tumour c e l l s .  The g e n e r a t i o n  o f  1^02  may 
have exceeded  th e  c a p a c i t y  f o r  r e d u c t i o n  by GSH p e r o x i d a s e .  Cu/Zn SOD o f  
the  c y t o s o l  m ig h t  thus  have  been  d e a c t i v a t e d  by t h e  f l u x  o f  i n  t h e
c u l t u r e d  Lewis lung tumour c e l l s  (Bray  e t  a l , 1974;  Hodgson and
F r i d o v i c h ,  1975a ) .  The c o n c e n t r a t i o n  o f  would have  to  have  been
g e n e r a l l y  s u b l e t h a l  to  t h e  tumour c e l l s .  20% oxygen  h a s  be e n  r e p o r t e d  to  
be t o x i c  to  Lewis  lung tumour c e l l s  i n  c u l t u r e .  P l a t i n g  e f f i c i e n c y ,  t h a t  
i s  the  number o f  c o l o n i e s  a r i s i n g  p e r  100 c e l l s  p l a t e d  o n to  t i s s u e  
c u l t u r e  d i s h e s ,  o f  Lewis lung ca rc inom a  c e l l s  has  be e n  o b s e r v e d  to  be 
s i g n i f i c a n t l y  improved by d e c r e a s i n g  oxygen c o n c e n t r a t i o n  from 20% to  5%
(Courtenay, 1976) .  Other tumour cell lines have been observed to grow 
more readily at oxygen concentrations of 0.1% to 10%, as compared to 20% 
(Gupta and Eberle, 1984) .  Oxygen toxicity appears to have been mediated 
through the *0^ anion because the colony size and plating efficiency of 
Ehrlich ascites cells grown at 20% 0 was enhanced (Gupta and Eberle,
1984) .
The Effects of Hypoxia in Lewis Lung Carcinoma
The model  o f  a s o l i d  tumour which i s  a e r a t e d  a t  the  p e r i p h e r y  and 
hypoxic  a t  t h e  c e n t r e  (Kennedy e t  a l , 1980; f i g u r e  2 . 3 )  i s  p r o b a b l y  an 
o v e r s i m p l i f i c a t i o n  b e c a u s e  t h e  d i s t r i b u t i o n  o f  b lo o d  v e s s e l s  i n  s o l i d  
tumours i s  p r o b a b l y  n o t  u n i fo rm  and c e l l  p r o l i f e r a t i o n  i s  i r r e g u l a r .  The 
r e l a t i o n  be tw een  a e r a t e d  and r e l a t i v e l y  a n o x ic  zones o f  Lewis lung 
ca rc in om a was t h e r e f o r e  u n l i k e l y  to  have been  s y m e t r i c a l : t h e r e  may w e l l  
have  been  numerous f o c i  o f  oxygena te d  o r  hypox ic  c e l l s  w i t h i n  t h e  body of  
the  tumour.  The t e c h n i q u e ,  d e s c r i b e d  in  t h e  p r e s e n t  s t u d i e s ,  may ha v e ,  a t  
b e s t ,  i s o l a t e d  c o r t i c a l  r e g i o n s  o f  Lewis lung  c a rc inom a  which ,  on
a v e r a g e ,  were p r o p o r t i o n a t e l y  more hypox ic  th a n  the  r e s i d u a l  tumour
t i s s u e .
The p r o p o r t i o n  o f  t h e  c e l l  p o p u l a t i o n  o f  s u b c u t a n e o u s l y - i m p l a n t e d  
Lewis lung  ca rc inom a s  ( o f  s i m i l a r  s i z e  to  t h e  i /m  i m p l a n t e d  tumours  used  
i n  the  p r e s e n t  s t u d i e s )  o c c u p ie d  by hypox ic  c e l l s ,  h a s  been  e s t i m a t e d  to
be 36% ( S h i p l e y  e t  a l , 1975) .  The u s e ,  i n  t h e  p r e s e n t  s t u d i e s ,  o f  a b o r e  
o f  t i s s u e ,  r e p r e s e n t i n g  21-29% o f  the  t o t a l  mass o f  t h e  tumour,  was t hus  
a r e a s o n a b l e  e s t i m a t e  o f  t h e  p r o p o r t i o n  o f  Lewis  lung  c a rc in o m a  t h a t  
would have  been  h y p o x i c .
The o b s e r v a t i o n  o f  lower m i t o c h o n d r i a l  SOD a c t i v i t y  a t  t h e  c e n t r e  o f  
the  tumour was s i m i l a r  to  t h a t  e l s e w h e r e  o f  t h e  d i f f e r e n t i a l  d i s t r i b u t i o n  
o f  SOD a c t i v i t y  i n  r a t  mammary ca rc in om as  ( P e t k a u  e t  a l , 1977 ) .  I n  ESR
FIG. 2 . 3  -  S c h e m a t ic  Diagram o f  Oxygen G r a d i e n t s  i n  S o l i d  
Tumours.
T h i s  neop la sm i s  w e l l  v a s c u l a r i z e d  on t h e  s u r f a c e  by- 
b l o o d  v e s s e l s  e x t e n d i n g  from n e a rb y  no rmal  t i s s u e s .  
C e l l s  on t h e  edge o f  n e c r o t i c  a r e a ,  l o c a t e d  a t  t h e  
c e n t r e  o f  the  tumour,  a r e  r em ote  from b lo o d  v e s s e l s ,  
and a r e  t h o u g h t  to  be s e v e r e l y  h y p o x i c ,  b u t  v i a b l e .  
Hypoxic  c e l l s  may be q u i e s c e n t  (Q) o r  may ha ve  
p r o l o n g e d  c e l l  c y c l e  t im e s .  ( f rom  Kennedy e t  a l , 1980)
s t u d i e s ,  t h e  s p i n  c o n c e n t r a t i o n s  o f  pulmonary tumours  were o b s e rv e d  to  be 
h i g h e s t  a t  t h e  tumour r im ,  d e c r e a s i n g  towards  t h e  c e n t r e  (Lohmann and 
Neubache r ,  1984) Th is  f i n d i n g  i n d i c a t e s  t h a t  t h e  lower  T B A -re a c t iv e  
m a t e r i a l  c o n c e n t r a t i o n  a t  t h e  " c o r e "  o f  Lewis lung  c a rc in o m a s  r e f l e c t e d  
lower o x y g e n - d e r i v e d  f r e e  r a d i c a l  g e n e r a t i o n  (and t h e r e f o r e  a u t o x i d a t i o n )  
i n  t h e  h y p o x ic  tumour c e n t r e .
As t h e  tumour i n c r e a s e s  i n  s i z e ,  i t s  v a s c u l a r  ne tw ork  and t h e r e b y  
t i s s u e  o x y g e n a t i o n ,  d e c r e a s e  p r o p o r t i o n a t e l y  ( M i l l a r ,  1982) .  I n  the  
p r e s e n t  s t u d i e s ,  m i t o c h o n d r i a l  SOD and GSH p e r o x i d a s e  a c t i v i t i e s  
d e c r e a s e d  and ' y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  a c t i v i t i e s  i n c r e a s e d  w i th  
t ime a f t e r  i m p l a n t a t i o n  ( i n c r e a s i n g  tumour vo lum e) .  A p o s i t i v e  
c o r r e l a t i o n  be tw een  w e igh t  o f  Lewis lung tumours  and GSH/GSSG r a t i o  was 
d e m o n s t r a t e d  in  p r e v i o u s  s t u d i e s  (Capel  and T h o r n l e y ,  1 9 83 ) .  A l l  t h e s e  
o b s e r v a t i o n s  m igh t  be e x p l a i n e d  by the  i n c r e a s i n g  c o n t r i b u t i o n  to  the  
b i o c h e m i c a l  c h a r a c t e r  o f  the  e n l a r g i n g  Lewis lung  c a rc in o m a  by i t s  
h ypox ic  c e l l s .
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INTRODUCTION
The p u r p o s e  o f  t h e  s t u d i e s ,  d e s c r i b e d  i n  t h e  p r e s e n t  c h a p t e r ,  was to 
c o n t i n u e  and improve t h e  p r e l i m i n a r y  work a s c e r t a i n i n g  t h e  i n f l u e n c e  o f  
i n t r a m u s c u l a r l y - i m p l a n t e d  Lewis lung c a rc inom a  upon t h e  a n t i o x i d a n t  
d e f e n c e  sys tem s  o f  v a r i o u s  murine  t i s s u e s  (Cape l  and T h o r n l e y ,  1982; 
Capel  and T h o r n l e y ,  1983) .  The i n v e s t i g a t i o n s  were m a i n ly  con c e rn e d  w i th  
lu ng ,  l i v e r  and b lood  o f  t u m o u r - b e a r i n g  m ice .  The lu ngs  o f  m ice ,  b e a r i n g  
Lewis lung  c a rc inom as  a r e  l i k e l y  to  be i n f i l t r a t e d  by m e t a s t i c  d e p o s i t s  
whereas  t h e  l i v e r s  o f  t h e s e  a n im a ls  shou ld  be e s s e n t i a l l y  f r e e  o f  tumour 
c e l l s  ( C h a p te r  2 ) .  H e p a t i c  t i s s u e ,  from t u m o u r - b e a r i n g  m ice ,  as  an un­
in v o lv e d  t i s s u e  and pulmonary t i s s u e ,  w i t h  i t s  d i r e c t  c o n t r i b u t i o n  from 
n e o p l a s t i c  c e l l s ,  s hou ld  t h e r e f o r e  be o f  u s e f u l  co m p a r i s o n .
GSH p e r o x i d a s e  and SOD a c t i v i t i e s ,  and g l u t a t h i o n e  c o n c e n t r a t i o n s ,  
d e t e r m i n e d  i n  t h e  e a r l i e r  i n v e s t i g a t i o n s  f o r  t i s s u e s  f rom Lewis  lung 
c a r c i n o m a - b e a r i n g  m ice ,  were e x p r e s s e d  i n  te rms  o f  we t  w e ig h t  o f  t i s s u e  
(Cape l  and T h o r n l e y ,  1982; Capel  and T h o r n l e y ,  1 9 8 3 ) .  The t i s s u e s  o f  
c a n c e r  p a t i e n t s  have been  r e p o r t e d  to  c o n t a i n  a g r e a t e r  p r o p o r t i o n  o f  
w a t e r  t h a n  t h o s e  o f  t h e i r  h e a l t h y  p e e r s  ( T h e o l o g i d e s , 1972) .  T h e r e f o r e ,
to  av o id  a m b i g u i t y  caused  by p o s s i b l e  changes  i n  w a t e r  c o n c e n t r a t i o n  o f  
t h e  t i s s u e s  o f  t u m o u r - b e a r i n g  m ice ,  due to  e f f e c t s  such  as  oedema, a l l  
d e t e r m i n a t i o n s  o f  the  p r e s e n t  s t u d i e s  were indexed  to  p r o t e i n  concen­
t r a t i o n s .  H e p a t i c  and pulmonary t i s s u e s  were s u b d i v i d e d  i n t o  m i to c h o n d ­
r i a l  and c y t o s o l i c  f r a c t i o n s ,  and the  a p p r o p r i a t e  SOD and GSH p e r o x i d a s e  
a c t i v i t i e s  d e t e r m i n e d .  The a c t i v i t y  o f  t h e  m ajo r  a n t i o x i d a n t  d e f e n c e  
enzyme,  c a t a l a s e  was a l s o  d e t e r m i n e d .
Changes i n  b i o c h e m ic a l  p a r a m e t e r s  o f  h o s t  t i s s u e s ,  due to  the
p r e s e n c e  o f  a tumour,  c o u ld  p o s s i b l y  be ca u se d  by a s h i f t  i n  t h e  c e l l  
p o p u l a t i o n  o f  a  g i v e n  t i s s u e .  DNA c o n c e n t r a t i o n s  o f  pu lmonary  and h e p a t i c  
t i s s u e s  o f  m ic e ,  i m p l a n t e d  w i th  Lewis lung  c a r c in o m a s ,  were a s c e r t a i n e d  
a c c o r d i n g l y  as  an e s t i m a t i o n  o f  c e l l  numbers .
H e p a t i c  GSH/GSSG r a t i o  o f  Lewis lung c a r c i n o m a - b e a r i n g  mice h a s  been  
o b s e rv e d  to  i n c r e a s e  as t h e  tumour i n c r e a s e d  i n  s i z e  (Cape l  and T h o r n l e y ,
1983) .  The a l t e r a t i o n  o f  g l u t a t h i o n e  s t a t u s  m igh t  have  been  c a u se d  by a 
change i n  t h e  r a t e  o f  g e n e r a t i o n  o r  d e g r a d a t i o n  o f  GSH o r  GSSG (Kosower 
and Kosower, 1978) .  A c t i v i t i e s  o f  the  m a jo r  enzymes,  c o n c e r n e d  w i t h  GSH 
s y n t h e s i s ,  t h a t  i s  ^ “ S l ^ ^ m y l x y 3 t e i n e  s y t h e t a s e ,  GSSG r e d u c t a s e  and 
g l u c o s e - 6 - p h o s p h a t e  de hyd roge na se  ( s e e  C h a p t e r  2 ) ,  were t h e r e f o r e  
d e t e r m i n e d  f o r  h e p a t i c  and pulmonary t i s s u e s  f rom mice  b e a r i n g  Lewis  lung 
c a r c in o m a s .  The a c t i v i t i e s  o f  the  m a jo r  enzymes o f  GSH u t i l i z a t i o n  ( o t h e r  
t h a n  GSH p e r o x i d a s e ) ,  namely GSH S - t r a n s f e r a s e  and ' y g l u t a m y l  t r a n s ­
p e p t i d a s e  were a l s o  d e t e r m i n e d  ( C h a p te r  2 ) .
Kidneys  and b l o o d ,  f rom Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  were a l s o  
i n v e s t i g a t e d  to  a s c e r t a i n  w he the r  murine  t i s u e s ,  o t h e r  t h a n  l i v e r  and 
lu n g ,  were a f f e c t e d  by tumour i m p l a n t a t i o n .  Rena l  GSH p e r o x i d a s e  and GSSG 
r e d u c t a s e  a c t i v i t i e s ,  DNA c o n c e n t r a t i o n  and T B A - r e a c t i v e  m a t e r i a l  
c o n c e n t r a t i o n  were d e t e r m i n e d .  GSH and GSSG c o n c e n t r a t i o n s ,  and GSH 
p e r o x i d a s e ,  GSSG r e d u c t a s e ,  ' y - g l u t a m y l e y s t e i n e  s y n t h e t a s e  and c a t a l a s e  
a c t i v i t i e s  were d e t e r m i n e d  f o r  e r y t h r o c y t e s  f rom mice  b e a r i n g  Lewis  lung 
c a r c in o m a s .
The p a t t e r n  o f  b i o c h e m i c a l  changes  i n  n o n - n e o p l a s t i c  m u r in e  t i s u e s ,  
induced  by t h e  p r e s e n c e  o f  a tumour,  may be i n f l u e n c e d  by f a c t o r s  
i n c l u d i n g  t h e  type  and s i z e  o f  tumour,  t h e  s p e c i e s  o f  t h e  h o s t  and th e  
s i t e ( s )  o f  n e o p l a s t i c  growth  ( G r e e n s t e i n ,  1 9 54 ) .  T he re  have  be e n  compar­
a t i v e l y  few r e p o r t s ,  i n  t h e  b i o m e d ic a l  l i t e r a t u r e ,  o f  t h e  s y s t e m i c  
e f f e c t s  o f  tumours  upon h o s t  a n t i o x i d a n t  d e f e n c e  s y s t e m s ,  o t h e r  t han
c a t a l a s e .  H e p a t i c  c a t a l a s e  a c t i v i t i e s  o f  t u m o u r - b e a r i n g  a n im a ls  and 
c a n c e r  p a t i e n t s  have  been  o b s e rv e d  to  be a lm o s t  i n v a r i a b l y  d e c r e a s e d  
( G r e e n s t e i n ,  1954;  Begg, 1958; Kampschmidt ,  1965) .  To a s c e r t a i n  w he the r  
t h e  p e r t u r b a t i o n s  o f  enzymic a n t i o x i d a n t  d e f e n c e  s y s t e m s ,  e x e r c i s e d  by 
Lewis lung  c a rc in o m a ,  were common t o  o t h e r  m ur ine  tumour m odels ,  a 
l i m i t e d  i n v e s t i g a t i o n  o f  t h e  B16 melanoma was u n d e r t a k e n .  A c t i v i t i e s  o f  
GSH p e r o x i d a s e ,  Cu/Zn-SOD, c a t a l a s e ,  GSSG r e d u c t a s e  and 'y -g lu t a m y l  
t r a n s p e p t i d a s e ,  and c o n c e n t r a t i o n s  o f  DNA, GSH, GSSG and T B A - re a c t iv e  
s u b s t a n c e s  were d e t e r m i n e d  f o r  l i v e r  and tumours  o f  mice b e a r i n g  i n t r a ­
m u s c u l a r l y  ( i / m )  im p la n te d  B16 melanomas.  Plasma c a e r u l o p l a s m i n  o x i d a s e  
a c t i v i t i e s ,  e r y t h r o c y t e  g l u t a t h i o n e  c o n c e n t r a t i o n s ,  and e r y t h r o c y t e  SOD, 
GSH p e r o x i d a s e  and GSSG r e d u c t a s e  a c t i v i t i e s  o f  B16 m e la n o m a -b ea r in g  mice 
were compared w i t h  e q u i v a l e n t  p a r a m e t e r s  f rom th e  t i s s u e s  o f  t u m o u r - f r e e  
mice .
EXPERIMENTAL
Chem ica ls
[8- ^ C ]  S t y r e n e  o x id e  ( s p e c i f i c  a c t i v i t y  607 MBq/ mmol; p u r i t y  90 .0  
14-  92.7%) and L—[1— C] g l u t a m i c  a c i d  ( s p e c i f i c  a c t i v i t y  2 GBq/ mmol;
p u r i t y  97 .1  -  99.0%) were p u r c h a s e d  from t h e  R a d io c h e m ic a l  C e n t r e ,
Amersham, Bucks.
The f e r r i c y a n i d e /  c y a n id e  s o l u t i o n  ( D r a b k i n 1s r e a g e n t )  and th e  
cyanomethaemoglob in  s t a n d a r d s ,  f o r  t h e  d e t e r m i n a t i o n  o f  haem oglob in  
c o n c e n t r a t i o n  were s u p p l i e d  by Sigma London Chemical  Co . ,  L t d . ,  P o o l e ,  
D o r s e t .  A l l  o t h e r  c he m ic a l s  were o f  t h e  p u r e s t  g r a d e s  c o m m e rc i a l l y  
a v a i l a b l e  and were o b t a i n e d  from the  s u p p l i e r s ,  l i s t e d  i n  C h a p t e r  2.
Animals  and T r e a tm e n t
Animals and Treatment
S t u d i e s  o f  a n im a ls  i m p la n te d  w i t h  Lewis  lung  c a rc in o m a s  were u n d e r ­
t a k e n  w i t h  male  C57BL6 mice ( O l a c ) .  The m ice  and t h e  Lewis lu n g  ca rc inom a
were m a i n t a i n e d  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p t e r  2 ) .  Mice had a t t a i n e d  
body w e i g h t s  o f  21+3 g (8-10  weeks o f  a g e )  by t h e  t im e  o f  i n o c u l a t i o n  
w i t h  Lewis  lung  ca rc inom a  c e l l s .
B16 melanoma c e l l s  were i m p la n te d  i /m  i n t o  one h i n d l i m b  o f  male
C57BL10 ScSn mice ( B a n t i n  and Kingman, H u l l ,  Y o r k s ) ,  which had a t t a i n e d  
body w e i g h t s  o f  28^3 g (11-13 w e e k s ) .  S u s p e n s io n s  o f  c e l l s  f rom i /m  
i m p l a n t e d  B16 melanomas were p r e p a r e d  e s s e n t i a l l y  as  d e t a i l e d  f o r  Lewis 
lung  c a rc in o m a s  (C h a p te r  2 ) ,  e x c e p t  t h a t  t h e  d u r a t i o n  o f  t h e  second 
i n c u b a t i o n  w i t h  DNase and t r y p s i n  s o l u t i o n s ,  to  d i s a g g r e g a t e  melanoma 
c e l l s ,  was however e x tended  to  45 min ( S t e p h e n s  e t  a l , 1977) .
The B16 melanoma a r o s e  s p o n t a n e o u s l y  i n  a C57BL mouse a b o u t  t h i r t y  
y e a r s  ago ,  and has  s i n c e  been  m a i n t a i n e d  i n  many l a b o r a t o r i e s  w or ld  wide 
( S t e p h e n s  and Peacock ,  1978; G i a v a z z i  e t  a l , 1980) .  The B16 melanoma,
l i k e  t h e  Lewis lung c a rc in o m a ,  has  been  i n  common u s e  to  s c r e e n  compounds 
f o r  a n t i c a n c e r  a c t i v i t y  ( B e rn d a l  e t  a l , 1 9 83 ) .  The B16 melanoma c e l l  l i n e
wds o b t a i n e d  from Dr G.G. S t e e l  o f  t h e  I n s t i t u t e  o f  C a n c e r  R e s e a rc h
( IC R) ,  S u t t o n ,  S u r r e y ,  and has  s i n c e  be e n  m a i n t a i n e d  by r e g u l a r  i n t r a ­
m u s c u l a r  p a s s a g e  i n  sy n g e n e ic  C57BL10 m ic e .  The tumour c e l l  l i n e  was 
s u p p l i e d  to  t h e  ICR i n  1970 by th e  Roscoe B. J a c k s o n  Memor ia l  L a b o r a t o r y ,  
Bar  H a r b o r ,  Maine,  USA ( S te p h e n s  e t  a l , 1 9 7 7 ) .
M ice ,  d e s i g n a t e d  by random s e l e c t i o n  to  b e a r  t u m o u r s ,  r e c e i v e d  
s i n g l e  h i n d l i m b  i /m  i n o c u l a t i o n s  ( 0 .2 m l )  o f  5 x  10"* Lewis l u n g  o r  B16 
melanoma c e l l s ,  as  a p p r o p r i a t e .  Animals  ( a g e - m a t c h e d ) ,  s e l e c t e d  to  be 
t u m o u r - f r e e  c o n t r o l s ,  were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e
( 0 . 2 m l )  o n l y .  B ioc he m ica l  a n a l y s e s  o f  n o n - n e o p l a s t i c  t i s s u e s  were
pe r fo rm e d  c o n c o m i t a n t l y  w i t h  t h o s e  o f  Lewis lung  ca rc inom a  ( C h a p te r  2)  o r  
B16 melanoma ( t h i s  c h a p t e r ) .
Histology
Mice b e a r i n g  Lewis lung c a rc in o m a s ,  and t u m o u r - f r e e  c o n t r o l  an im a ls  
were k i l l e d ,  a t  i n t e r v a l s  from 10 t o  16 days a f t e r  i m p l a n t a t i o n  o f  tumour 
c e l l s ,  by CO^ n a r c o s i s  and e x s a n g u i n a t i o n  v i a  c a r d i o p u n c t u r e .  Skin and 
f u r  were s t r i p p e d  o f  t h e  h i n d l i m b s  and t h o r a x .  The h i n d l i m b ,  t h a t  had n o t  
been  i n o c u l a t e d  was d i s a r t i c u l a t e d  a t  t h e  h i p j o i n t .  A f t e r  24 h r s  
immers ion i n  p h o s p h a t e - b u f f e r e d  10% v / v  fo rm ol  s a l i n e ,  t h e  h i n d l i m b s  were 
d e c a l c i f i e d  in  Gooding and S t e w a r t ' s  f l u i d ,  as  d e s c r i b e d  p r e v i o u s l y  
(C h a p te r  2 ) .  L i v e r s  and lung  were a l s o  e x c i s e d  from t h e  mice ,  and 
immersed i n  10% v / v  p h o s p h a t e - b u f f e r e d  formol  s a l i n e  f o r  8 d a y s .  T i s s u e s  
were p r o c e s s e d ,  embedded in  p a r a f i n - w a x  b l o c k s ,  s e c t i o n e d  and mounted 
on to  g l a s s  m ic r o sc o p e  s l i d e s ,  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  2 ) .
S e c t i o n s  were s t a i n e d  w i th  h a e m a to x y l i n  and e o s i n  (H&E) f o r  r o u t i n e  
e x a m i n a t i o n ,  u s in g  th e  m ic ro sc o p e  (Appendix I V . a ) .  O the r  s e c t i o n s  were 
s t a i n e d  w i t h  van G i e s o n ' s  p r e p a r a t i o n ,  o r  w i t h  P e r i s '  P r u s s i a n  b l u e  
(Appendices  IV .b  and I V . c ) .  A number o f  u n s t a i n e d  s e c t i o n s  o f  l i v e r  and 
lung  were mounted i n  3 :1  g l y c e r o l / p h o s p h a t e -  b u f f e r e d  s a l i n e ,  and 
examined u s i n g  a f l u o r e s c e n c e  m ic r o sc o p e  f o r  l i p o f u s c i n - l i k e  a u t o ­
f l u o r e s c e n c e  ( P o r t a  and H a r t r o f t ,  1969; Reddy e t  a l , 1982;  Katz  e t  a l ,
1984) .  The h i s t o l o g i c a l  s e c t i o n s  o f  l i v e r ,  lung  and h i n d l e g  were 
i n s p e c t e d  by an i n d e p e n d e n t  exa m ine r ,  and h i s  a p p r a i s a l  o f  t h e i r  p a t h ­
o logy  i s  g i v e n  i n  t h e  r e s u l t s  s e c t i o n .
P r e p a r a t i o n  o f  T i s s u e s  and I n s t r u m e n t a t i o n
T i s s u e s  were homogenised a t  10% ( l u n g )  o r  20% ( l i v e r ,  k i d n e y ,  B16 
melanoma) wet  w t /  v o l  in  1.15% KC1, u s i n g  a P o t t e r - E l v e h j e m  h o m o g en iz e r .  
When m i t o c h o n d r i a l  f r a c t i o n s  o f  t i s s u e s  were r e q u i r e d ,  t h e  t i s s u e s  were
homogenized  i n  0 .2 5  M s u c r o s e  b u f f e r e d  by 1 mM TRIS, pH 7 . 4 ,  c o n t a i n i n g  
0 .1  mM EGTA. T i s s u e  horaogenates  were s e p a r a t e d  i n t o  s u b c e l l u l a r  f r a c t i o n s  
u s i n g  a s t a n d a r d  d i f f e r e n t i a l  c e n t r i f u g a t i o n  p r o c e d u r e ,  d e s c r i b e d  in  
C h a p t e r  2 (Hogeboom, 1955) .  The s t o r a g e  c o n d i t i o n s  o f  samples  f o r  the  
v a r i o u s  b i o c h e m i c a l  a s s a y s  were as  d e t a i l e d  p r e v i o u s l y  ( c h a p t e r  2 ) .
Blood was removed from e t h e r - a n a e s t h e t i z e d  an im a ls  v i a  c a r d i o -
p u n c t u r e  w i t h  h e p a r i n i z e d  s y r i n g e s  and was t r a n s f e r r e d  to  h e p a r i n i z e d  
sc re w -c a pped  t u b e s .  To o b t a i n  s u f f i c i e n t  b lo o d  f o r  a s s a y ,  2-3 sam ples  o f  
b lo o d  from each  e x p e r i m e n t a l  g roup  o f  mice were combined.  A l i q u o t s  o f  
b lo o d  were removed to  e s t i m a t e  packed c e l l  volume (PCV), haem og lob in
c o n c e n t r a t i o n  and g l u t a t h i o n e  c o n c e n t r a t i o n s  ( s e e  l a t e r ) .  The r e s i d u a l
b lo o d  samples  were c e n t r i f u g e d  a t  2500 rpm f o r  15 min.  The s u p e r n a t a n t s
(p la s m a )  were t r a n s f e r r e d  to  f r e s h  s c rew -capped  tu b e s  and ,  a f t e r  s t o r a g e  
a t  4°  C, were used  f o r  the  d e t e r m i n a t i o n  o f  c a e r u l o p l a s m i n  (B16 
m e la nom a -bea r ing  mice o n l y ) .  The r ed  b lood  c e l l s  (RBC) were r e s u s p e n d e d  
i n  5 volumes o f  c o ld  0.9% w/v NaCl and c e n t r i f u g e d  a t  2500 rpm f o r  10 min 
to  remove r e s i d u a l  p lasma and th e  m a j o r i t y  o f  l e u c o c y t e s  and p l a t e l e t s  
( B e u t l e r ,  1971) .  A f t e r  d i s c a r d i n g  th e  s u p e r n a t a n t  and b u f f y  c o a t ,  t h e  r ed  
c e l l s  were washed tw ic e  more.  Th is  p r o c e d u r e  has  been  r e p o r t e d  to  r e s u l t
i n  a 1 0 - f o l d  d e c r e a s e  in  t h e  c o n t a m i n a t i o n  o f  t h e  RBC f r a c t i o n  by
l e u c o c y t e s  ( B e u t l e r ,  1971) .
To p r e v e n t  GSH o x i d a t i o n  by oxygen r e l e a s e d  d u r i n g  h a e m o l y s i s  o f
b lo o d  s a m p le s ,  ca rb o n  monoxide was g e n t l y  bub b led  th ro u g h  b l o o d  to
d i s p l a c e  oxygen from oxyhaemoglobin  (Owens and B e l c h e r ,  1965 ) .  As t h e  
c o n t r i b u t i o n  to  b lood  by p lasma and o t h e r  formed e l e m e n t s  i s  n e g l i g i b l e ,  
whole b lood  was used f o r  the  d e t e r m i n a t i o n  o f  e r y t h r o c y t e  g l u t a t h i o n e  
c o n c e n t r a t i o n  ( B e u t l e r ,  1971) .  A l i q u o t s  o f  d e o x y g e n a te d  b lo o d  (50jttl) were 
added to  m e t a p h o s p h o r i c  a c i d  r e a g e n t  (3 .9 5 m l )  a t  4 °  C, f o r  im m edia te  
a n a l y s i s  o f  g l u t a t h i o n e  c o n c e n t r a t i o n .  The m e t a p h o s p h o r i c  a c i d  p r e c i p i t ­
a t i n g  s o l u t i o n ,  c o m p r i s i n g  o f  1.67% w/v g l a c i a l  m e t a p h o s p h o r i c  a c i d ,  30% 
w/v NaCl and 0.2% EDTA, has  be e n  r e p o r t e d  to  be p a r t i c u l a r l y  s u i t a b l e  f o r  
t h e  q u a l i t a t i v e  e s t i m a t i o n  o f  g l u t a t h i o n e  c o n c e n t r a t i o n  b e c a u s e  
c o n t a m i n a t i n g  m e t a l  i ons  a r e  c h e l a t e d  ( B e u t l e r ,  1971) .
A l l  o t h e r  d e t e r m i n a t i o n s  w i th  e r y t h r o c y t e s ,  u s e d  h a e m o l y s a t e s  o f  
washed r ed  b lo o d  c e l l s .  For  t h e  a s s a y  o f  GSSG r e d u c t a s e  a c t i v i t y ,  an 
a l i q u o t  o f  e r y t h r o c y t e s  (50jU,l) was added to  0 .1  M i c e - c o l d  sodium 
p h o s p h a te  b u f f e r  ( 8 . 9 5 m l ) ,  pH 7 . 4 ,  c o n t a i n i n g  0.1% w/v EDTA. The red  
c e l l s  were l y s e d  by add in g  1% w/v sa p o n in  ( 0 . 2ml) to  t h e  h a e m o l y s a t e s .  
For  t h e  r e m a in i n g  a s s a y  p r o c e d u r e s ,  10% v / v  h a e m o l y s a t e s  i n  i c e - c o l d  H^O 
were p r e p a r e d .  These h a e m o l y s a t e s  were d i l u t e d  a f u r t h e r  5 - f o l d  and 
2 0 - f o l d  f o r  t h e  GSH p e r o x i d a s e  and c a t a l a s e  d e t e r m i n a t i o n s  r e s p e c t i v e l y .
I n  t h e  a s s a y s  to  d e t e r m i n e  e r y t h r o c y t e  SOD a c t i v i t y  , h a e m o l y s a t e s  
were c l e a r e d  o f  haem oglob in  u s i n g  the  T s u c h i h a s h i  p r o c e d u r e  ( M i s r a  and 
F r i d o v i c h ,  1971) .  E t h a n o l  (1ml)  and c h lo r o f o rm  ( 0 .6 m l )  were added t o  4ml 
o f  i c e - c o l d  10% v / v  h a e m o l y s a t e ,  and c e n t r i f u g e d  a t  2500 rpm f o r  15 min.  
The c l e a r  aqueous  l a y e r  was used  f o r  a s s a y  o f  SOD a c t i v i t y .
The i n s t r u m e n t a t i o n  used  i n  t h e  p r e s e n t  s t u d i e s  was t h a t  d e s c r i b e d  
p r e v i o u s l y  ( C h a p te r  2 ) .
B io c h e m ica l  A ssays
A l l  b i o c h e m i c a l  a s s a y s ,  e x c e p t  t h o s e  whose d e s c r i p t i o n s  a r e  to  
f o l l o w ,  have  been  d e t a i l e d  p r e v i o u s l y  ( C h a p te r  2 ) .  The c o n c e n t r a t i o n s  of  
r e n a l  and h e p a t i c  s a m p le s ,  u s e d  i n  the  a s s a y  p r o c e d u r e s ,  were g e n e r a l l y  
t h e  same as t h o s e  f o r  pu lmonary  t i s s u e s  ( C h a p te r  2 ) .  H e p a t i c  c y t o s o l  was 
however d i l u t e d  2 5 - f o l d  ( f rom  t h a t  o b t a i n e d  from 20% wet  wt hom ogena te)  
f o r  t h e  d e t e r m i n a t i o n  o f  GSH p e r o x i d a s e  a c t i v i t y .  L i v e r  hom ogena tes  were 
d i l u t e d  1:1 by volume w i t h  i c e - c o l d  25 w/v t r i t o n  X-100 s o l u t i o n ,  
s o n i c a t e d  and then  d i l u t e d  a f u r t h e r  100 f o l d  b e f o r e  a s s a y  o f  c a t a l a s e
a c t i v i t y .  B16 melanoma t i s s u e  was a n a l y s e d  a t  d i l u t i o n s  s i m i l a r  to  t h o s e  
used  f o r  Lewis lung  ca rc inom a  ( C h a p te r  2 ) ,  e x c e p t  f o r  t h e  a s s a y  o f  
' y - g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t y ,  which r e q u i r e d  f u r t h e r  d i l u t i o n  o f  
homogenate ,  due to  a r e l a t i v e l y  p ronounced a c t i v i t y  i n  B16 melanoma.  The 
20% wet w t / v o l  B16 melanoma homogenate  was d i l u t e d  1:1 by volume w i t h  
i c e - c o l d  1% w/v t r i t o n ,  s o n i c a t e d  and t h e n  d i l u t e d  5 f o l d  b e f o r e  a s s a y  o f  
^ “ g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t y .
Haemoglobin c o n c e n t r a t i o n :  Blood haemoglob in  c o n c e n t r a t i o n  (Hb) was
de t e r m i n e d  by a s t a n d a r d  p r o c e d u r e  i n  which haemoglob in  was c o n v e r t e d  to  
i t s  c y a n o - d e r i v a t i v e  unde r  a l k a l i n e  c o n d i t i o n s ,  and t h e  c o n c e n t r a t i o n  o f  
the  d e r i v a t i v e  e s t i m a t e d  from i t s  o p t i c a l  a b s o r b a n c e  ( E i l e r s ,  1967) .  
D u p l i c a t e  a l i q u o t s  ( 2 0 u l )  o f  b lo o d  were added to  D r a b k i n ' s  r e a g e n t  (5 m l ) ,  
a s o l u t i o n  o f  0.02% w/v K^Fe(CN)^, 0.005% w/v KCN and 0.1% w/v  NaHCO^. 
The D r a b k i n s 1s r e a g e n t  was r e c o n s t i t u t e d  from a c o m m e r c i a l l y - s u p p l i e d  
powdered p r e p a r a t i o n  (S ig m a) .  The r e a c t i o n  m i x t u r e s  were v o r t e x e d  and 
l e f t  f o r  15 min a t  room t e m p e r a t u r e .  The o p t i c a l  a b s o r b a n c e s ,  a t  540 nm, 
o f  t h e  m i x t u r e s  were measured  s p e c t r o p h o t o m e t r i c a l l y  a g a i n s t  a b l a n k  o f  
D r a b k i n ' s  s o l u t i o n  o n l y .  The haemoglob in  c o n c e n t r a t i o n s  o f  t h e  b lood  
samples  were q u a n t i f i e d  by c om par i son  w i t h  t h e  o p t i c a l  a b s o r b a n c e s  
o b t a i n e d  from the  r e a c t i o n  o f  a r an g e  (5 -45  g/ lOOml)  o f  m e tha em og lob in  
s t a n d a r d s  (S ig m a) .
Packed  c e l l  volume o f  b lo o d  samples  was e s t i m a t e d  by t h e  s t a n d a r d  
method o f  c e n t r i f u g a t i o n  (2500 rpm f o r  15 min)  o f  whole b lo o d  in  
g r a d u a t e d  c a p i l l a r y  tu b es  o f  u n i f o r m  b o r e .
C a e r u lo p l a s m in :  Plasma c a e r u l o p l a s m i n  was d e t e r m i n e d  from i t s  o x i d a s e
a c t i v i t y  w i t h  o - d i a n i s i d i n e  ( S c h o s i n s k y  e t  a l , 1974) .  Q uad rup le  r e a c t i o n  
m i x t u r e s ,  c o m p r i s i n g  0 .75m l o f  0 .1  M a c e t a t e  b u f f e r ,  pH 5 . 0 ,  and 5 0 u l  o f  
plasma were p r e i n c u b a t e d  f o r  5 min a t  30° C. R e a c t i o n s  were s t a r t e d  by 
t h e  a d d i t i o n  o f  0 .2ml o f  7 .9  mM £ - d i a n i s i d i n e  d i h y d r o c h l o r i d e  s o l u t i o n
(prewarmed to  30° C),  a t  t imed i n t e r v a l s .  A f t e r  5 min,  r e a c t i o n s  i n  one
p a i r  from each  s e t  o f  t u b e s ,  were t e r m i n a t e d  by a d d in g  9 M (2m l ) .
The tu b e s  were mixed by V o r t e x  and co o le d  to  am bien t  t e m p e r a t u r e .  Th is  
p r o c e d u r e  was r e p e a t e d  f o r  t h e  r em a in in g  r e a c t i o n  m i x t u r e s  a f t e r  a 
f u r t h e r  10 min o f  i n c u b a t i o n .  The a b s o r b a n c e s ,  a t  540 nm, o f  t h e  m i x t u r e s  
were measured  s p e c t r o p h o t o m e t r i c a l l y  a g a i n s t  d i s t i l l e d  w a t e r .  
C a e r u lo p l a s m in  o x i d a s e  a c t i v i t y  o f  t h e  plasma samples  was p r o p o r t i o n a l  to  
the  r a t e  o f  f o r m a t i o n  o f  o x i d i z e d  d i a n i s i d i n e .  A u n i t  o f  c a e r u l o p l a s m i n  
o x i d a s e  a c t i v i t y  was d e f i n e d  as  6 .2 5  x t h e  i n c r e a s e  in  o p t i c a l  a b s o r b a n c e  
u n i t s ,  a t  540 nm, /m in  a t  30° C, pH 5 .0  ( S c h o s i n s k y  e t  a l , 1974) .  
C a e r u lo p l a s m in  o x i d a s e  a c t i v i t i e s  were e x p r e s s e d  as  u n i t s  p e r  ml p l a s m a .
P r o t e i n :  For  r e a s o n s  g i v e n  in  t h e  p r e c e d i n g  c h a p t e r ,  two d i f f e r e n t
methods to  e s t i m a t e  p r o t e i n  c o n c e n t r a t i o n  were employed i n  t h e  p r e s e n t  
s t u d i e s .  DNA, g l u t a t h i o n e  and T B A -re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s ,  GSSG 
r e d u c t a s e  a c t i v i t y  and GSH S - t r a n s f e r a s e  a c t i v i t i e s  o f  samples  were 
r e l a t e d  to  p r o t e i n  c o n c e n t r a t i o n s ,  d e te r m in e d  u s i n g  Coomassie  b l u e  
r e a g e n t  ( S p e c t o r ,  1978) .  Whole t i s s u e  GSH p e r o x i d a s e  and Cu/Zn-SOD 
a c t i v i t i e s  f rom mice b e a r i n g  B16 melanomas were a l s o  indexe d  to  p r o t e i n  
c o n c e n t r a t i o n s ,  q u a n t i f i e d  by t h e  Coomassie  b l u e  method.  A l l  o t h e r  
d e t e r m i n a t i o n s  were l i n k e d  to  p r o t e i n  c o n c e n t r a t i o n s ,  e s t i m a t e d  by t h e  
s t a n d a r d  p r o c e d u r e ,  u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  (Lowry e t  a l , 1 9 51 ) .  
The t a b l e s  o f  r e s u l t s  t h a t  f o l l o w  t h e  p r e s e n t  s e c t i o n ,  i n d i c a t e  the  
method of  p r o t e i n  a s s a y ,  where a p p l i c a b l e .
L i p o p e r o x i d e  ( T h i o b a r b i t u r i c  a c i d  r e a c t i v e  m a t e r i a l ) :  L i p o p e r o x i d e  c onc ­
e n t r a t i o n s  were e s t i m a t e d  by a  d i f f e r e n t  a p p l i c a t i o n  o f  t h e  method to  
d e t e r m i n e  the  c o n c e n t r a t i o n s  o f  T B A -re a c t iv e  s u b s t a n c e s  ( S a t o h ,  1978)  to  
t h a t  used  in  t h e  s t u d i e s  d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  2 ) .  I n  t h i s  
p r o c e d u r e ,  on ly  t h e  t r i c h l o r o a c e t i c  a c i d  (TCA) i n s o l u b l e  components  o f  
t h e  t i s s u e  samples  were a s s a y e d .  D i l u t e  H^SO^ was used  i n s t e a d  o f
p h t h a l a t e  b u f f e r ,  f o r  t h e  a c i d - h e a t i n g  s t a g e  o f  t h e  p r o c e d u r e .  The conc­
e n t r a t i o n  o f  T B A - re a c t iv e  m a t e r i a l  ( p r i m a r i l y  TB A-malondia ldehyde  a d u c t ;  
G u t t e r i d g e ,  1977) ,  l i b e r a t e d  by from the  samples  was a g a i n  q u a n t i f i e d  
f l u o r i m e t r i c a l l y .  F l u o r i m e t r i c  measurement  o f  T B A - re a c t iv e  s u b s t a n c e s  was 
p r e f e r r e d  to  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  ( v i a  o p t i c a l  a b s o r b a n c e  a t  
540 nm) b e c a u s e  i t  ha s  been  r e p o r t e d  to  be l e s s  a f f e c t e d  by o p t i c a l
i n t e r f e r e n c e  due to  endogenous  s u b s t a n c e s  such as  b i l i r u b i n  (Ohkawa £ t
a l , 1979) .  The f l u o r i m e t r i c  method has  been o b s e rv e d  to  be a more
s e n s i t i v e  t e c h n i q u e ,  w i t h  g r e a t e r  s p e c i f i c i t y  f o r  the  TB A-malond ia ldehyde  
a d d u c t ,  t h a n  the  s p e c t r o p h o t o m e t r i c  method ( G u t t e r i d g e  and T i c k n e r ,  
1978) .
A l l  g l a s s w a r e ,  u sed  i n  t h e  a s s a y  p r o c e d u r e ,  was a c i d - w a s h e d  ( i n  
n i t r i c  a c i d )  to  remove any r e s i d u a l  d e t e r g e n t  f rom u s u a l  w a s h in g ,  a 
p o s s i b l e  so u rc e  o f  f l u o r e s c e n t  i n t e r f e r e n c e .  D u p l i c a t e  t i s s u e  samples  
( 0 .1 m l )  were added to  20% w/v TCA, i n  sc rew -capped  t u b e s :  mixed by
V or tex ;  and l e f t  to  s t a n d  f o r  10 min a t  room t e m p e r a t u r e .  The m i x t u r e s
were c e n t r i f u g e d  a t  2500 rpm f o r  20 min.  The s u p e r n a t a n t s  were d e c a n t e d
and the p r e c i p i t a t e s  washed tw ic e  in  5ral volumes o f  0 .05  M I^SO^.  The 
p r e c i p i t a t e s  were r e s u s p e n d e d  in  2 .5ml o f  0 .05  MH^SO^ and 3ml o f  0.2% 
TBA i n  2M Na2 S0 ^ was added.  The m i x t u r e s  were v o r t e x e d :  t h e  s c r e w  caps  
were p l a c e d  t i g h t l y  on t h e  t u b e s ;  and t h e  m i x t u r e s  were i n c u b a t e d  a t  1 0 0 ° 
C f o r  30 min.  A f t e r  c o o l i n g  t h e  m i x t u r e s  to  room t e m p e r a t u r e ,  t h e  f l u o r ­
e s c e n t  r e a c t i o n  p r o d u c t s  were e x t r a c t e d  i n t o  b u t a n - l - o l  ( 4 m l ) .  The Na^SO^ 
was u s e d ,  i n  t h e  r e a c t i o n  m i x t u r e s ,  to  p r e v e n t  e m u l s i f i c a t i o n  d u r i n g  t h e  
e x t r a c t i o n  i n t o  o r g a n i c  s o l v e n t  ( S a to h ,  1978) .  A r a n g e  ( 0 . 1 2 5 - 1 . 0 0 0  nmol) 
o f  1 , 1 , 3 , 3 -  t e t r a m e t h o x y p r o p a n e  s t a n d a r d s  in  2 .5ml o f  0 .05  M H^SO^ was 
s i m i l a r l y  i n c u b a t e d  w i t h  TBA (3m l ) ,  and the  TBA-malond ia ldehyde  f l u r o -  
phore e x t r a c t e d  i n t o  b u t a n - l - o l  (4m l ) .  The c o n c e n t r a t i o n s  o f  T B A - r e a c t i v e  
s u b s t a n c e s  in  the  samples  were e v a l u a t e d  by com par ison  o f  t h e i r  s p e c t r o -  
f l u o r e s c e n c e  (535 nm e x c i t a t i o n  and 553 nm e m i s s i o n )  w i t h  t h o s e  o f  t h e
s t a n d a r d s .
S t a t i s t i c a l  A n a ly s e s
R e s u l t s  were e x p r e s s e d  as  mean + SEM. Da ta  f rom e x p e r i m e n t a l  g roups  
c o n t a i n i n g  3 o r  more o b s e r v a t i o n s  were s t a t i s t i c a l l y  e v a l u a t e d  by 
a n a l y s i s  o f  v a r i a n c e .  Means o f  t h e  e s t i m a t i o n s  f o r  t i s s u e s  f rom tumour-  
b e a r i n g  a n im a ls  were compared w i th  t h o s e  o f  t u m o u r - f r e e  c o n t r o l s  t h ro u g h  
u se  o f  the  S t u d e n t - t y p e  r ange  s t a t i s t i c  i n  t h e  Newman-Keuls p r o c e d u r e  
(Winer ,  1971) .  R e s u l t s  were c o n s i d e r e d  to  be s i g n i f i c a n t  when P< 0 .05 .
RESULTS
Lewis Lung Carcinoma-Bearing Mice
H i s t o l o g y  o f  l i v e r  and lung :  The e x t e r n a l  a p p e a r a n c e  o f  m ic e ,  b e a r i n g
i /m  im p lan te d  Lewis lung  c a rc in o m a ,  has  been  d e s c r i b e d  p r e v i o u s l y  
( C h a p te r  2 ) .
Liver sections, stained with H&E and removed from mice implanted 
with Lewis lung carcinomas, had considerably greater incidence of 
inflammatory aggregates and mitotic cells than liver sections from 
tumour-free animals (Table 3 . 1 ;  plate V). Livers from mice, with Lewis 
lung carcinomas, also displayed foci of atypical cells (table 3 . 1 ) .  The
h i s t o l o g i c a l  d i f f e r e n c e s  be tw een  th e  l i v e r s  o f  t u m o u r - b e a r i n g  and
)
t u m o u r - f r e e  mice became more a p p a r e n t  a t  13 days and beyond ,  a f t e r  
i n o c u l a t i o n  w i th  Lewis lung  ca rc inom a  c e l l s  ( t a b l e  3 . 1 ) .
S e c t i o n s  from the  l i v e r  o f  a mouse,  k i l l e d  13 days a f t e r  i m p l a n t ­
a t i o n  w i th  Lewis lung c a rc in o m a ,  showed pronounced h i s t o l o g i c a l  abnorm­
a l i t i e s ,  which i n c l u d e d  f a t t y  v a c u o l a t i o n ,  h y p e r t r o p h y  o f  h e p a t o c y t e s  and 
the  p r e s e n c e  o f  go ld en  brown pigment  and h e p a t o c y t e s  w i t h  g r a n u l a r  
c y to p la s m  ( t a b l e  3 . 1 ) .  H e p a t i c  s e c t i o n s ,  f rom t h i s  a n im a l ,  when s t a i n e d
TABLE 3 .1  -  H i s t o p a t h o l o g y  o f  t h e  L i v e r s  f rom Lewis  Lung C a rc inom a-
b e a r i n g  C57BL6 Mice.  L i v e r s  f rom t u m o u r - f r e e  l i t t e r  mates  
were u sed  as  c o n t r o l s .
Time a f t e r  A p p
t r a n s p l a n t a t i o n  
o f  tumour
(d a y s )  C o n t r o l
r a i s a l  o f h i s t o ­
p a t h o l o g y
t u m o u r - b e a r i n g
10 O c c a s i o n a l  i n f l a m m a t o r y  
fo cu s
O c c a s i o n a l  f o c u s  o f  inf l amm­
a t o r y  c e l l s .  M ode ra te  p l a n t  
c e l l  f o r m a t i o n .
11
13
14
15
16
Normal
P l a n t  c e l l s .  O c c a s i o n a l  
i n f l a m m a t o r y  c e l l s .
E x t e n s i v e  p l a n t  c e l l  
f o r m a t i o n .  O c c a s i o n a l  
f o c u s  o f  i n f l a m m a t o r y  
c e l l s .
E x t e n s i v e  p l a n t  c e l l  
f o r m a t i o n .
E x t e n s i v e  p l a n t  c e l l  
f o r m a t i o n .
F o c a l  i n f l a m m a t o r y  
a g r e g a t e s .
Areas  o f  f a t t y  v a c u o l a t i o n  
Marked e n l a r g e m e n t  o f  n u c l e i  
i n  many h e p a t o c y t e s  
and an i n c r e a s e d  i n c i ­
dence  o f  m i t o t i c  f i g u r e s .  
O c c a s i o n a l  f o c a l  in f lamm­
a t o r y  c e l l s .  Some "g round  
g l a s s "  h e p a t o c y t e s ,  showing 
d i f f u s e  g r a n u l a r  c y t o p l a s m .  
S i n g l e  f o c u s  o f  g o l d e n  brown 
p igm en t .
O c c a s i o n a l  s i n g l e  c e l l  
h y p e r t r o p h y .  I n c r e a s e d  
i n c i d e n c e  o f  m i t o t i c  
f i g u r e s .  S c a t t e r e d  inf lamm­
a t o r y  c e l l  f o c i  and some 
c e l l  a t y p i a .
P l a n t  c e l l s .  F o c a l  c e l l  
a t y p i a .  I n c r e a s e d  m i t o t i c  
f i g u r e s  and f o c a l  in f l amm­
a t o r y  a g g r e g a t e s .
F o c a l  c e l l  a t y p i a .  I n c r e a s e d  
i n c i d e n c e  o f  m i t o t i c  f i g u r e s  
F o c a l  i n f l a m m a t o r y  
a g g r e g a t e s .
" P l a n t  c e l l  phenomenon" -  C e l l  w a l l ,  p lasma membrane and c y t o p l a s m  
r e s m b le  t h o s e  o f  p l a n t  c e l l s .  Observed  when t h e r e  i s  c o n s i d e r a b l e  
g l y c o g e n  i n  t h e  c e l l s .  Not a v a c u o le  b e c a u s e  the  c e l l  w a l l s  a r e  n o t  
smoooth.
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P l a t e  V -  S e c t i o n  t h r o u g h  l i v e r  (H&E):
a )  t u m o u r - f r e e  mouse (x  450)
b )  Lewis  lu n g  c a r c i n o m a - b e a r i n g  mouse ( x  4 5 0 ) .  
N o te :  i n f l a m m a t o r y  i n f i l t r a t e s  and l o s s  o f
s t r u c t u r a l  o r g a n i s a t i o n .  13 d a y s  p o s t  
i m p l a n t a t i o n  o f  t u m o u r .
with Peris' Prussian blue, contained considerably more haemosiderin-like 
pigments than comparative sections from tumour-free mice (plate VI).
L i p o f u s c i n - l i k e  a u t o f l u o r e s c e n c e  o f  u n s t a i n e d  s e c t i o n s  o f  m urine  
l i v e r  was min imal  f o r  c o n t r o l  a n im a l s .  L i v e r  s e c t i o n s ,  f rom tumour -  
b e a r i n g  m ice ,  p a r t i c u l a r l y  one k i l l e d  13 days a f t e r  i m p l a n t a t i o n  o f  a 
Lewis lung c a rc in o m a ,  d i d ,  however ,  show s i g n i f i c a n t  y e l l o w - o r a n g e  a u t o ­
f l u o r e s c e n c e  when i l l u m i n a t e d  w i t h  u . v .  l i g h t .
I n s p e c t i o n  o f  pu lmonary  s e c t i o n s  from mice ,  b e a r i n g  Lewis lung 
ca rc inom as  f o r  11 o r  more d a y s ,  r e v e a l e d  the  p r e s e n c e  o f  tumour n o d u le s  
( t a b l e  3 . 2 ;  p l a t e  V I I ) .  Some s e c t i o n s  o f  pulmonary  t i s s u e ,  f rom tumour-  
b e a r i n g  m ice ,  c o n t a i n e d  o c c a s i o n a l  in f l a m m ato ry  c e l l s .  There  were 
a p p r e c i a b l e  b l u e  h a e m o s i d e r i n - l i k e  p ig m e n ts ,  a s s o c i a t e d  w i t h  m e t a s t a t i c  
c e l l s ,  i n  s e c t i o n s  o f  lung ,  s t a i n e d  w i th  P e r i s ' .  H i s t o l o g i c a l  s e c t i o n s  of  
pulmonary t i s s u e ,  f rom Lewis lung c a r c i n o m a - b e a r i n g  m ice ,  d i d  n o t  o t h e r ­
w ise  d i f f e r  f rom pulmonary  s e c t i o n s  from t u m o u r - f r e e  a n im a ls  ( t a b l e  3 . 2 ) .  
S e c t i o n s  o f  t h e  h i n d l i m b  o f  t u m o u r - b e a r i n g  m ice ,  which  was n o t  i n o c u l a t e d  
w i th  Lewis lung c a rc inom a  c e l l s ,  were o f  normal  a p p e a r a n c e  ( p l a t e s  l a  and 
I l i a ) .
Organ w e i g h t s :  The wet  w e i g h t s  o f  l i v e r s  and lungs  from m ic e ,  b e a r i n g
Lewis lung  c a r c in o m a s ,  d i d  n o t  d i f f e r  f rom th o s e  o f  t u m o u r - f r e e  c o n t r o l s  
( t a b l e  3 . 3 ) .  The w e ig h t  o f  t h e  the k i d n e y s  from m ice ,  k i l l e d  15 days 
a f t e r  t u m o u r - i m p l a n t a t i o n ,  was s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  c o n t r o l  
mice ( t a b l e  3 . 1 7 ) .  H e p a t i c  and pulmonary w e i g h t s ,  e x p r e s s e d  as  a p e r ­
c e n ta g e  o f  body w e igh t  (minus tumour w e i g h t )  were s i g n i f i c a n t l y  g r e a t e r  
i n  m ice ,  k i l l e d  15 days a f t e r  i n o c u l a t i o n  w i th  Lewis lung  c a rc in o m a  
c e l l s ,  t h a n  i n  t u m o u r - f r e e  c o n t r o l s  ( t a b l e  3 . 3 ) .  The p e r c e n t a g e  o f  body 
w e i g h t ,  a c c o u n te d  by k i d n e y s ,  i n  t u m o u r -b e a r i n g  mice d i d  n o t  d i f f e r  f rom 
t h a t  o f  c o n t r o l  mice ( t a b l e  3 . 1 7 ) .  The s p l e e n s  o f  mice (n=18)  t h a t  had 
bo rne  Lewis lung ca rc in o m a s  f o r  9-15 days weighed 160 + 20% more t h a n  th e
Plate VI - Section (Peris') through liver of Lewis lung
c a r c i n o m a - b e a r i n g  mouse ( x  4 5 0 ) .
No te :  15 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
TABLE 3 . 2  -  H i s t o p a t h o l o g y  o f  t h e  Lungs from Lewis Lung Ca rc inom a-
b e a r i n g  C57BL6 Mice.  Lungs from t u m o u r - f r e e  l i t t e r  m ates  
were  used  as  c o n t r o l s .
Time a f t e r  A p p r a i s a l  o f
t r a n s p l a n t a t i o n
o f  tumour
( d a y s )  C o n t r o l
Agonal  ha em or rhage  in  
b r o n c h i .
Agonal  ha em or rhage  i n  
b r o n c h i .
Normal
14 Agonal  haem or rhage  i n
some b r o n c h i .
15 Normal
16
Cly
P e r i b r o n c h i o l a r  lymphoid 
h y p e r p l a s i a  and p e r i ­
v a s c u l a r  " c u f f i n g " .
10
11
13
h i  s t  o -
p a t h o l o g y
Tum our -bear ing
Agonal  ha e m or rha ge  i n  some 
b r o n c h i .
Tumour n o d u l e  p r e s e n t .
O c c a s i o n a l  i n t e r s t i t i a l  
f ocus  o f  i n f l a m m a t o r y  c e l l s  
i n  one l o b e .  A seco n d  lo b e  
c o n t a i n s  a  zone o f  a p i c a l  
haem or rhage  a s s o c i a t e d  w i t h  
an a n a p l a s t i c  e p i t h e l o i d  
c a rc inom a  and a number o f  
i s l e t s  o f  ( ? ) t u m o u r  c e l l s .
A second n o d u le  i s  a l s o  
p r e s e n t .  A low g r a d e  mucoid 
e x u d a te  i s  p r e s e n t  i n  some 
b r o n c h i .
Tumour n o d u l e  p r e s e n t .
In f l a m m a to r y  c e l l s  i n  
a l v e o l a r  w a l l .  One s u b -  
p l e u r a l  tumour n o d u l e  and 
one i n  t h e  body o f  t h e  
s e c t i o n .  Tumour c e l l s  
s c a t t e r e d  e l s e w h e r e  i n  
t h e  parenchyma.
S u b - p l e u r a l  tumour n o d u l e  
a s s o c i a t e d  w i t h  o u t e r  zone 
o f  h a e m o r rh a g e .  A l a r g e r  
more d i f f u s e  a r e a  o f  haem­
o r r h a g e  w i t h  a  s h e e t  o f  
tumour c e l l s  a l s o  p r e s e n t .
P l a t e  V II  -  S e c t i o n s  (H&E) t h r o u g h  l u n g  o f  Lew is  l u n g  t u m o u r -  
b e a r i n g  mou se ,  show ing m e t a s t a t i c  tu m o u r  d e p o s i t s
( x  2 7 5 ) .
N o te :  12 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
P l a t e  V I I I -  S e c t i o n  ( P e r i s ' )  t h r o u g h  l u n g  o f  L ew is  l u n g  
c a r c i n o m a - b e a r i n g  mouse:
a )  R e g i o n  o f  n o n - n e o p l a s t i c  l u n g  c o n t a i n i n g  
s m a l l  m e t a s t a t i c  d e p o s i t  (x  4 5 0 )
b )  R e g i o n  o f  n e o p l a s t i c  c e l l s ,  c o n t a i n i n g  
e x t e n s i v e  b l u e  h a e m o s i d e r i n - l i k e  p i g m e n t  ( x  4 5 0 ) .  
N o te :  15 days  p o s t  i m p l a n t a t i o n  o f  t u m o u r .
TABLE 3.3 - Liver and Lung Weights of Lewis Lung Carcinoma-bearing
C57BL6 Mice and o f  Tum our- f ree  C o n t r o l s .
Results represent mean _+ SEM for 6 mice at each time 
interval
Time after L i v e r  L u n g
implantation
of tumour Control Tumour- Control Tumour-
(days) bearing bearing
Weight as a % of (body wt minus tumour wt)
(wet wt [g] of tissues shown in brackets)
5 . 4  + 0 . 5  4 . 9  + 0 . 1  0 . 8 5 + 0 . 0 5  0 . 8 5 + 0 . 0 6
( 1 . 4  + 0 . 1 )  ( 1 . 4  + 0 . 0 5 )  (0 .19  + 0 . 0 1 )  ( 0 . 1 9  + 0 .0 1 )
5 . 4  + 0 . 5  5 . 4  + 0 . 4  0 .85  + 0 .01  0 .8 5  + 0 .0 6
( 1 . 4  + 0 . 1 ) ( 1 . 5  + 0 . 2 )  ( 0 .20  + 0 . 0 1 )  ( 0 . 2 0  + 0 . 0 1 )
5 . 4  + 0 . 5  5 .1  + 0 . 2  0 . 9 0 + 0 . 0 5  0 . 8 5 + 0 . 0 2
( 1 . 4  + 0 . 2 )  ( 1 . 3  + 0 . 1 )  (0 .2 2  + 0 . 0 1 )  ( 0 . 2 1  + 0 . 0 1 )
11 5 . 6  + 0 . 2  5 . 4  + 0 . 4  0 . 9 0 + 0 . 0 5  0 . 8 7 + 0 . 0 2
( 1 . 4  + 0 . 1 )  ( 1 . 4  + 0 . 1 )  (0 .19  + 0 . 0 1 )  ( 0 . 1 9  + 0 . 0 1 )
13
15
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Significantly different (P<0 .05)  by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter.
5 . 6  + 0 . 4  
( 1 . 4  + 0 . 1 )
5 . 5  + 0 . 3  
( 1 . 4  + 0 . 1 )
5 . 4  + 0 .5  
( 1 . 4  + 0 . 1 )
7 . 4  + 0 . 4 a 
( 1 . 4  + 0 . 2 )
0.85  + 0 . 0 4  
( 0 .2 1  + 0 . 0 1 )
0.85  + 0 .05  
( 0 .20  + 0 . 0 1 )
0 .8 5  + 0 .0 2  
( 0 . 2 0  + 0 . 0 1 )
1 . 02  + 0 . 0 1 b 
( 0 . 1 9  + 0 . 0 1 )
s p l e e n s  o f  t u m o u r - f r e e  an im a ls  ( n o t  t a b u l a t e d ) .
Protein and DNA: Hepatic, pulmonary and renal protein concentrations of
mice, bearing Lewis lung carcinomas, did not differ significantly from 
those of tumour-free controls (tables 3 . 4 ,  3 .6  and 3 . 1 7 ) .  As determined 
in the studies of chapter 2, values for protein concentrations of tissue 
homogenates, when estimated using Coomassie blue reagent (Spector, 1978)  
were approximately half those of estimations by the procedure, using 
Folin-Ciocalteu reagent (Lowry et.al, 1951) .
H e p a t i c  DNA c o n c e n t r a t i o n s  o f  m ice ,  k i l l e d  9,13  and 15 days a f t e r  
i n o c u l a t i o n  w i t h  Lewis lung  ca rc inom a  c e l l s ,  were s i g n i f i c a n t l y  g r e a t e r  
t h a n  t h o s e  o f  t u m o u r - f r e e  mice ( t a b l e  3 . 5 ) .  Pu lmonary DNA c o n c e n t r a t i o n  
was s i g n i f i c a n t l y  i n c r e a s e d ,  i n  mice t h a t  had b o rn e  Lewis lung  c a rc inom as  
f o r  13 days ( t a b l e  3 . 5 ) .  Renal  DNA c o n c e n t r a t i o n s  o f  Lewis lung  
c a r c i n o m a - b e a r i n g  mice d i d  no t  d i f f e r  s i g n i f i c a n t l y  f rom t h o s e  o f  c o n t r o l  
mice  ( t a b l e  3 . 1 7 ) .
A n t i o x i d a n t  d e f e n c e  enzymes: C y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t i e s  o f  t h e
l i v e r s  and lungs  o f  mice w i t h  Lewis lung c a rc in o m a s ,  were n o t  s i g n i f i ­
c a n t l y  d i f e r e n t  f rom t h o s e  o f  c o n t r o l s  ( t a b l e  3 . 7 ) .  Renal  GSH p e r o x i d a s e  
a c t i v i t i e s ,  d e t e r m i n e d  f o r  whole t i s s u e  homogenate ,  o f  t u m o u r - b e a r i n g  
mice d i d  no t  d i f f e r  f rom th o s e  o f  c o n t r o l  an im a ls  ( t a b l e  3 . 1 7 ) .  
M i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  o f  l i v e r s  f rom m ic e ,  k i l l e d  15 
and 17 days  a f t e r  i m p l a n t a t i o n  o f  Lewis lung c a r c in o m a s ,  were s i g n i f i ­
c a n t l y  l e s s  t h a n  t h o s e  o f  t u m o u r - f r e e  mice  ( t a b l e  3 . 8 ) .
Neither cytosolic (Cu/Zn-) nor mitochondrial (Mn-) SOD activities in 
liver and lung tissue of Lewis lung carcinoma-bearing mice were signifi­
cantly different from the activities of tumour-free controls (tables 3 .9  
and 3 . 1 0 ) .  Hepatic and pulmonary catalase activities of animals, killed 
13-17 days after implantation of Lewis lung carcinomas, were signifi-
TABLE 3 .4  -  L i v e r  and Lung P r o t e i n  C o n c e n t r a t i o n s  o f  Lewis Lung
C a r c in o m a - b e a r i n g  C57BL6 Mice and o f  Tum our - f re e  C o n t r o l s .  
R e s u l t s  r e p r e s e n t  mean j+ SEM f o r  6 mice a t  each t ime  
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(mg/ g wet  wt o f  t i s s u e )
5 69 + 3 72 + 4 26 + 2 27 + 1
7 7 2 + 2  7 4 + 2  3 0 + 2  2 9 + 2
9 6 9 + 3  7 2 + 3  2 6 + 2  2 8 + 1
11 71 + 3 76 + 4 31 + 1 27 + 1
13 7 2 + 3  7 3 + 4  2 7 + 1  2 7 + 2
15 7 4 + 2  6 9 + 2  3 0 + 2  2 8 + 1
No s i g n i f i c a n t  d i f f e r e n c e s  (P> 0 .05 )  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e ) .
TABLE 3 .5  -  L i v e r  and Lung DNA C o n c e n t r a t i o n s  o f  Lewis  Lung
C a r c in o m a - b e a r i n g  C57BL6 Mice and o f  T u m o u r - f re e  C o n t r o l s ,  
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(jUg f o e t a l  c a l f  DNA e q u i v . /  mg p r o t e i n )
13 .7  + 0 . 8 a 13.1 + 0 . 9a 113 + 10c 108 + 4 C
12 .8  + 0 . 6 a 13 .2  + l . l a 106 + 10c 110 + 6 C
12 .2  + 0 . 9 a 18 .2  + 1 . 2 b 103 + 10c 112 + 9C
11 12 .3  + 0 . 6 a 17 .6  + 1 . 3 b 98 + 5 C 136 + 8 cd
13 12 .6  + 0 . 7 a 18 .0  + 1 . 3 b 105 + 3C 138 + 8 d
15 12 .5  + 1 . 4 a 18 .8  + 1 . 8b 113 + 6 C 124 + l l ce
Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter.
TABLE 3 . 6  -  L i v e r  and Lung P r o t e i n  C o n c e n t r a t i o n s  o f  Lewis  Lung
C a r c i n o m a - b e a r i n g  C57BL6 Mice and o f  T um o u r - f re e  C o n t r o l s ,  
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice a t  each t ime 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i th  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time after L i v e r  L u n g
implantation
of tumour Control Tumour- Control Tumour-
(days) bearing bearing
(mg/ g wet  wt o f  t i s s u e )
13 160 + 8  1 5 3 + 5  5 8 .3  + 4 . 4  68 .3  + 4 . 7
15 1 5 3 + 8  1 4 9 + 5  60 .0  + 4 .7  63 .7  + 3 . 6
17 1 5 5 + 7  1 5 1 + 5  60 .6  + 2 . 9  67 .0  + 3 . 3
No significant differences (P>0.05) by Newman-Keuls test (after
analysis of variance).
TABLE 3 . 7  -  C y t o s o l i c  GSH P e r o x i d a s e  A c t i v i t i e s  i n  H e p a t i c  and
Pulmonary  T i s s u e s  o f  Lewis  Lung C a r c i n o m a - b e a r i n g  C57BL6 
Mice,  and o f  T u m o u r - f re e  C o n t r o l s .
Results represent mean + SEM for 5 mice at each time 
interval. Protein was determined with Folin-Ciocalteu 
reagent, using BSA as the standard.
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(Enzyme u n i t s  /  mg p r o t e i n )
13 1 1 8 + 8  104 + 6 2 9 . 4  + 2 . 8  29 .0  + 1 . 4
15 120 + 3  1 1 9 + 2  2 9 .6  + 3 . 4  3 1 .9  + 3 .5
17 123 + 8  1 2 0 + 7  28 .7  + 3 . 7  29 .7  + 2 .1
Enzyme units are defined as 1000 x log,n (decrease in GSH/min) at 
37°  C, pH 7 .0 .
No significant differences (P> 0 .05)  by Newman-Keuls test (after 
analysis of variance).
TABLE 3.8 - Mitochondrial GSH Peroxidase Activities in Hepatic and
Pulmonary T i s s u e s  o f  Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 
Mice,  and o f  T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  5 mice a t  each t im e 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i th  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  the  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d ay s )  b e a r i n g  b e a r i n g
(Enzyme u n i t s  /  mg p r o t e i n )
13
15
17
17 + 2 16 + 2
17 + 1 12  +  1 ‘
17 + 2 11 +  1 '
13 + 1 12 + 1
13 + 1 12 + 1
13 + 1 12 +  1
•A .
Enzyme u n i t s  a r e  d e f i n e d  as  1000 x l o g . n ( d e c r e a s e  i n  GSH/min) a t  
37°  C, pH 7 .0 .
a significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 3.9 - Cytosolic. Superoxide Dismutase Activities in Hepatic and
Pulmonary  T i s s u e s  o f  Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 
Mice, and o f  T u m o u r - f r e e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  3 c o n t r o l  o r  6 tu m our -  
b e a r i n g  mice  a t  each  t ime i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  
w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour-  C o n t r o l  Tumour-
(d a y s )  b e a r i n g  b e a r i n g
( u n i t s  [S igma^ /  mg p r o t e i n  a t  25 + 2°  C, pH 7 . 5 )
12 4 0 + 2  4 2 +  2 9. 5  + 0 . 8  1 1 + 1
14 4 1 + 2  4 2 + 2  1 2 + 1  1 2 + 1
17 3 7 + 2  3 6 + 2  9 . 2  + 1 . 6  13 + 1
No significant differences (P>0.05) by Newman-Keuls test (after
analysis of variance).
TABLE 3.10 - Mitochondrial Superoxide Dismutase Activities in Hepatic
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
12
14
17
and Pu lmonary  T i s s u e s  o f  Lewis Lung C a r c i n o m a - b e a r i n g  
C57BL6 Mice,  and o f  T um our- f ree  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  3 c o n t r o l  o r  6 tumour-  
b e a r i n g  mice a t  each t ime i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  
w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
L i v e r  L u n g
C o n t r o l  Tumour- C o n t r o l  Tumour-
b e a r i n g  b e a r i n g
( u n i t s  [Sigma^V mg p r o te in  at 2 5 + 2 °  C,  pH 7 . 5 )
4 . 2  + 0 . 9  0 .2 5  + 0 . 8  0 .3 0  + 0 .0 1
3 .0  + 0 . 7  0 .2 9  + 0 .0 2  0 .3 0  + 0 .0 7
3 .7  + 0 .9  0 .2 8  + 0 .0 7  0 .2 5  + 0 . 0 6
2 . 8  + 0 . 3  
4 . 3  + 0 . 8  
3 . 1  + 2
No significant differences (P>0.05) by Newman-Keuls test (after
analysis of variance).
c a n t l y  d e c r e a s e d  ( . t a b le  3 . 1 1 ) .
A c t i v i t i e s  o f  o t h e r  enzyme sys tem s  t h a t  may i n f l u e n c e  g l u t a t h i o n e  s t a t u s :  
H e p a t i c  /y - g l utamy l c y s t e i n e  s y t h e t a s e  a c t i v i t i e s  were s i g n i f i c a n t l y  l e s s  
th a n  c o n t r o l  v a l u e s ,  15 days a f t e r  i n o c u l a t i o n  w i t h  Lewis lung  ca rc inom a  
c e l l s ,  b u t  s i g n i f i c a n t l y  g r e a t e r  th a n  th e  a c t i v i t i e s  o f  c o n t r o l  a n i m a l s ,  
17 days p o s t  i m p l a n t a t i o n  ( t a b l e  3 . 1 2 ) .  Pulmonary 'y"gl.utamy].c y st : e i-ne 
s y n t h e t a s e  a c t i v i t i e s  were s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  o f  c o n t r o l  m ic e ,  
13 and 15 days a f t e r  t u m o u r - i m p l a n t a t i o n ,  b u t  s i g n i f i c a n t l y  r a i s e d  a t  17 
days ( t a b l e  3 . 1 2 ) .
M i t o c h o n d r i a l  ' y - g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t i e s ,  d e t e r m i n e d  f o r  
l i v e r  and lungs  o f  m ic e ,  k i l l e d  14 days a f t e r  i n o c u l a t i o n  w i t h  Lewis  lung  
tumour c e l l s ,  were s i g n i f i c a n t l y  g r e a t e r  t han  the  a c t i v i t i e s  o f  c o n t r o l
mice ( t a b l e  3 . 1 3 ) .  Whole t i s s u e ,  mic rosomal  and c y t o s o l i c  /y_g l utamy^
t r a n s p e p t i d a s e  a c t i v i t i e s  o f  t u m o u r - b e a r i n g  mice d i d  n o t  d i f f e r  f rom
th o s e  o f  t u m o u r - f r e e  mice ( t a b l e  3 . 1 3 ) .
H e p a t i c  GSSG r e d u c t a s e  a c t i v i t i e s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  
mice ,  a t  13 and 15 days p o s t  i m p l a n t a t i o n ,  were s i g n i f i c a n t l y  g r e a t e r  
t h a n  t h o s e  o f  c o n t r o l s  ( t a b l e  3 . 1 4 ) .  Pulmonary GSSG r e d u c t a s e  a c t i v i t i e s  
o f  mice ,  b e a r i n g  Lewis lung  c a rc in o m a s ,  were s i g n i f i c a n t l y  i n c r e a s e d  
(above  c o n t r o l  l e v e l s )  a t  11,  13 and 15 days a f t e r  i n o c u l a t i o n  w i t h
tumour c e l l s  ( t a b l e  3 . 1 4 ) .  Renal  GSSG r e d u c t a s e  a c t i v i t i e s  o f  c a r c i n o m a -  
b e a r i n g  mice d i d  no t  d i f f e r  f rom th o se  o f  c o n t r o l  a n im a ls  ( t a b l e  3 . 1 7 ) .
C y t o s o l i c  GSH S - t r a n s f e r a s e  a c t i v i t i e s ,  d e t e r m i n e d  w i t h  s t y r e n e  
o x ide  as s u b s t r a t e ,  were s i g n i f i c a n t l y  g r e a t e r  i n  t h e  l i v e r s  o f  Lewis  
lung  c a r c i n o m a - b e a r i n g  m ice ,  a t  9 to  15 days p o s t  i m p l a n t a t i o n ,  t h a n  i n  
t h o s e  o f  t u m o u r - f r e e  c o n t r o l s  ( t a b l e  3 . 1 5 ) .  Pulmonary GSH S - t r a n s f e r a s e  
a c t i v i t i e s  o f  c a r c i n o m a - b e a r i n g  mice d i d  no t  d i f f e r  g e n e r a l l y  f rom 
c o n t r o l  v a l u e s ,  e x c e p t  a t  7 days p o s t  i m p l a n t a t i o n ,  when GSH
TABLE 3.11 - Catalase Activities in Hepatic and Pulmonary Tissues of
Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  and o f  
T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice a t  each t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  L i v e r
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour-
( d a y s )  b e a r i n g
L u n g
C o n t r o l Tumour-
b e a r i n g
(k /  m in /  mg p r o t e i n )
13 2 . 8  + 0 . 2  1 . 8  + 0 . 2 ‘ 0 .2 3  + 0 .01  0 .1 8  + 0 .0 1
15 2 .7  + 0 . 3  1 .8  + 0 . 2 ‘ 0 .2 3  + 0 .01  0 . 1 4  + 0 .01
17 2 .5  + 0. 2  1. 4 + O. r 0 .2 3  + 0 .01  0 .1 7  + 0 .0 2
k i s  t h e  f i r s t - o r d e r  r e a c t i o n  r a t e  c o n s t a n t  a t  2 + 1°  C, pH 7 . 4 .  
cL“—fo • • •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3 .1 2  -  'Y~Glutamylcysteine S y n t h e t a s e  A c t i v i t i e s  i n  H e p a t i c  and 
Pulmonary  T i s s u e s  o f  Lewis Lung C a r c i n o m a - b e a r i n g  C57BL6 
Mice,  and o f  Tum our - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean SEM f o r  6 mice  a t  each  t ime  
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  the  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(nmol / m i n /  mg c y t o s o l i c  p r o t e i n  a t  37° C, pH 8 . 2 5 )
13 3 .5  + 0 . 2  3 . 0  + 0 . 2  1 . 5 + 0 . 1 cd 1 . 1 + 0 . 1 6
15 3 . 2  + 0 . 2  1 . 8 + 0 . 1 3 1 .6  + 0 . 1 C 1 . 2 + 0 . 1 de
17 3 .3  + 0 . 1  4 . 5  + 0 . 5 b 1 .5  + 0 . 1 cd 2 .1  + 0 . 1 f
a - f S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3 .1 3  -  Whole T i s s u e  and S u b c e l l u l a r ^ " G l u t a m y l  T r a n s p e p t i d a s e
A c t i v i t i e s  i n  H e p a t i c  and Pulmonary  T i s s u e s  o f  Lewis  Lung 
C a r c in o m a - b e a r i n g  C57BL6 Mice,  and o f  T u m o u r - f re e  
C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 m ice ,  k i l l e d  14 days 
a f t e r  i n o c u l a t i o n  o f  tumour c e l l s  ( o r  w i t h  PBS f o r  t h e  
c o n t r o l s .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
L i v e r  L u n g
C o n t r o l  Tumour- C o n t r o l  Tumour-
b e a r i n g  b e a r i n g
(nmol p - n i t o a n i l i n e /  m in /  mg p r o t e i n  a t  37° C, pH 7 . 8 )
Whole t i s s u e
M i t o c h o n d r i a
Microsomes
C y t o s o l
cl • « •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
th e  c o r r e s p o n d i n g  c o n t r o l  v a l u e .
0 .0 6  + 0 . 0 1  
0.25  + 0 .02  
0 .3 4  + 0 .0 4  
0 .19  + 0 .02
0 .0 7  + 0 .0 1  
0 .35  + 0 . 0 1 a 
0 .3 3  + 0 .05  
0 .16  + 0 .03
3 .3  + 0 . 2
11 .3  + 0 . 6
10 .3  + 0 . 3  
0 .2 9  + 0 .05
3 . 5  + 0 .2
17 .8  + 0 . 6a 
11 .5  + 0 . 4  
0 .3 1  + 0 .0 4
TABLE 3 . 1 4  -  L i v e r  and Lung GSSG R e d u c ta s e  A c t i v i t i e s  o f  Lewis  Lung
C a r c in o m a - b e a r i n g  C57BL6 Mice and o f  T u m o u r - f r e e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t im e 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as t h e  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
of  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(nmol NADPH o x i d i z e d /  m in /  mg p r o t e i n  a t  37° C, pH 7 . 2 )
5 9 9 + 3  9 5 + 5  1 0 4 + 5  9 1 + 6
7 9 3 + 3  9 0 + 1  1 0 1 + 5  106 + 5
9 9 9 + 4  9 2 + 3  1 0 5 + 4  106 + 3
11 9 7 + 7  9 3 + 5  1 1 4 + 3  148 + 10b
13 102 + 3  142 + 5 a 107 + 2  152 + 3b
15 97 + 3 127 + 4 a 105 + 6  149 + 4b
c i “ fo  •  •  •  •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same
s u p e r s c r i p t  l e t t e r .
S-transferase activity was significantly decreased (table 3.15).
C y t o s o l i c  g l u c o s e - 6- p h o s p h a t e  d e h y d ro g e n a s e  a c t i v i t i e s  o f  t h e  l i v e r s  
o f  mice w i t h  Lewis lung  c a rc inom as  were s i g n i f i c a n t l y  l e s s  t h a n  c o n t r o l  
a c t i v i t i e s  , a t  15 and 17 days a f t e r  tumour i m p l a n t a t i o n  ( t a b l e  3 . 1 6 ) .
Pu lmonary  g l u c o s e - 6- p h o s p h a t e  d e h y d ro g e n a s e  a c t i v i t i e s  o f  Lewis lung
c a r c i n o m a - b e a r i n g  an im a ls  were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  o f  
c o n t r o l  mice ( t a b l e  3 . 1 6 ) .
Rena l  T B A - re a c t iv e  m a t e r i a l :  c o n c e n t r a t i o n s  o f  Lewis lung c a rc in o m a -
b e a r i n g  mice were no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o f  t u m o u r - f r e e  
c o n t r o l  a n im a ls  ( t a b l e  3 . 1 7 ) .
A n t i o x i d a n t  d e f e n c e  sys te m s  o f  b lo o d :  Mice became s e v e r e l y  anaemic by
11-13 days a f t e r  i m p l a n t a t i o n  w i t h  Lewis lung  c a rc inom as  ( t a b l e  3 . 1 8 ) .
E r y t h r o c y t e  GSH c o n c e n t r a t i o n  o f  m ice ,  k i l l e d  15 days a f t e r  i n o c u l a t i o n
w i t h  Lewis lung ca rc in om a c e l l s ,  was g r e a t e r  t han  t h a t  o f  c o n t r o l  a n im a ls
( t a b l e  3 . 1 9 ) .  Red b lo o d  c e l l s ,  o f  mice  t h a t  had b o rn e  Lewis lung
ca rc inom a s  f o r  9 to  15 d a y s ,  had g r e a t e r  GSSG r e d u c t a s e  a c t i v i t i e s  and
lower GSH p e r o x i d a s e  a c t i v i t i e s ,  t h a n  t h o s e  o f  t u m o u r - f r e e  mice  ( t a b l e
3 . 2 0 ) .  E r y t h r o c y t e  'y- g l utaniy l c y st :e i-ne s y n t h e t a s e  a c t i v i t i e s  o f  
c a r c i n o m a - b e a r i n g  mice were r a i s e d  above th e  l e v e l s  o f  c o n t r o l  a n im a ls  
( t a b l e  3 . 2 1 ) .  C a t a l a s e  a c t i v i t i e s  o f  e r y t h r o c y t e s  f rom m ic e ,  b e a r i n g  
Lewis lung c a rc in o m a s ,  d id  no t  d i f f e r  f rom th o s e  o f  c o n t r o l s  ( t a b l e
3 . 2 1 ) .
The m a jo r  e f f e c t s  o f  b e a r i n g  a Lewis lung  c a rc in o m a ,  upon non­
n e o p l a s t i c  murine  t i s s u e s ,  d i s t a l  to  t h e  s i t e  o f  tumour i m p l a n t a t i o n ,  as  
d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s ,  a r e  summarized i n  t a b l e  3 . 3 6 .
B16 Melanoma-Bearing Mice
Growth and a p p e a r a n c e  o f  B16 melanomas: I n t r a m u s c u l a r l y - e m b e d d e d  B16
TABLE 3.15 - Liver and Lung GSH S-Transferase Activities of Lewis Lung
Carcinoma-bearing C57BL6 Mice and of Tumour-free Controls.
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice  a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as t h e  s t a n d a r d .
Time a f t e r  L i v e r
i m p l a n t a t i o n
of  tumour C o n t r o l  Tumour-
(days )  b e a r i n g
L u n g
C o n t r o l Tumour-
b e a r i n g
(nmol s t y r e n e  o x id e  c o n j u g a t e d /  m in /  mg c y t o s o l i c  
p r o t e i n  a t  37° C, pH 7 . 0 )
38 + 5 5 1 + 4 32 + 3 cde 33 + 3de
38 + 1 49 + 2 32 + 2 cde 24 + 3b
39 + 2 52 + 3‘ 29 + 1ce 26 + 1be
11 37 + 1 48 + 1' 31 + 2de 36 + 1
13 40 + 3 51 + 2 ‘ 34 + 1de 41 + 2
15 42 + 3 53 + 2 ‘ 3 4 + 1 de 36 + 1
a - e Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter.
TABLE 3.16 - Glucose-6-Phosphate Dehydrogenase Activities in Hepatic
and Pu lmonary T i s s u e s  o f  Lewis Lung C a r c in o m a - b e a r i n g  
C57BL6 Mice,  and o f  T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  L i v e r  L u n g
i m p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g
(nmol NADPH p r o d u c e d /  m in /  mg c y t o s o l i c  p r o t e i n  a t  37° C, pH 7 . 5 )
14 + 2 ab 5 1 + 2  86 + 5 C
11 + l b 5 3 + 1  9 2 + 8 °
10 + l b 52 + 3  77 + 5 C
13
15
17
17 + 2
16 + 2
16 + 2
a C S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3.17 - Weight, Protein Concentration, DNA Concentration, GSSG
R e d u c t a s e  A c t i v i t y ,  GSH P e r o x i d a s e  A c t i v i t y  and 
T h i o b a r b i t u r i c  A c i d - r e a c t i v e  M a t e r i a l  C o n c e n t r a t i o n  o f  
Kidneys from Lewis Lung C a r c i n o m a - b e a r i n g  C57BL6 Mice,  and 
from T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i th  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as t h e  s t a n d a r d .
13 days a f t e r  tumour 
i m p l a n t a t i o n
15 days a f t e r  tumour 
i m p l a n t a t i o n
C o n t r o l Tumour-
b e a r i n g
C o n t r o l Tumour-
b e a r i n g
% o f  body wt 0 .59  + 0 .0 2  0 .59  + 0 .0 6  0 .61  + 0 .0 2  0 .61  + 0 .03
Kidney w e ig h t  
(g wet  wt)
117 + 2 117 + 6 121 + 3 93 + 3‘
p r o t e i n  cone 
(mg/ g wet  wt)
70 + 5 69 + 2 73 + 4 66 + 4
DNA cone
(fig/ mg p r o t e i n )
38 + 2 43 + 3 39 + 2 43 + 3
GSSG r e d u c t a s e  
( n m o l /m in /  
mg p r o t e i n )
175 + 9 174 + 6 181 + 8 177 + 14
GSH p e r o x i d a s g  
(Enzyme u n i t s  
/mg p r o t e i n )
TBA r e a c t i v i t y ^  
(nmol MDA e q u iv .  
/mg p r o t e i n )
142 + 9
0 . 8  + 0 . 1
149 + 9
1 . 1  + 0 . 2
132 + 15
0 . 9  + 0 .1 be
143 + 11
1 .3  + 0 . 2
Enzyme u n i t s  a r e  d e f i n e d  as 1000 x l o g ln  ( d e c r e a s e  i n  GSH/min) 
a t  37 C, pH 7 . 0 .
^  Chromophores  o b t a i n e d  by i n c u b a t i o n  f o r  30 min a t  100° C i n  
0 .0 5  M H^SO^, i n  t h e  a b s e n c e  o f  any a n t i o x i d a n t  a d d i t i v e .
S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3.18 - Haematocrits, and Haemoglobin Concentrations of Blood from
Lewis Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  and from 
T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean o f  two o b s e r v a t i o n s  ( each  from t h e  
b lood  com pos i te  o f  3 m ice )  a t  each  t ime i n t e r v a l .
Time a f t e r  
t r a n s p l a n t a t i o n  
o f  tumour 
(d a y s )
H a e m a t o c r i t  
(% v / v )
C o n t r o l Tumour-
b e a r i n g
H a e m o g l o b i n  
(mg/ 0 . 1  ml b l o o d )
C o n t r o l Tumour-
b e a r i n g
5
7
9
11
13
15
36
41
41
39
40
41
35
40
38
38
17
20
11 .5
11 .9  
12 .4
11 .9  
11 .8  
12.2
1 0 .4
1 2 .4
13 .0
10.0  
5 . 0  
5 . 4
TABLE 3.19 - Erythrocyte Glutathione Status of Blood from Lewis Lung
C a r c i n o m a - b e a r i n g  C57BL6 Mice,  and from T u m o u r - f re e  
C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean o f  two o b s e r v a t i o n s  ( each  from the  
b lo o d  co m p o s i t e  o f  3 m ice )  a t  each  t ime i n t e r v a l .
G S H  G S S G  G S H  /  G S S G
Time a f t e r  (nmol /  mg Hb) (nmol /  mg Hb)
t r a n s p l a n t a t i o n
o f  tumour C o n t r o l  Tumour- C o n t r o l  Tumour- C o n t r o l  Tumour-
( d a y s )  b e a r i n g  b e a r i n g  b e a r i n g
5 4.1 4 .2 0 . 8 0 .7 5 .1 5 .7
7 4 .5 4 . 6 0 .9 0 .9 5 .2 5 .1
9 4 .4 4 . 8 0 .9 0 .9 5 .0 5 .3
11 4 .8 5 .1 0 . 8 0 . 9 6 . 0 5 .5
13 4 .7 5 .2 0 .9 0 .7 5 .2 5 .8
15 4 .6 8 . 2 0 . 8 0 . 8 5 .8 10 .3
TABLE 3.20 - Erythrocyte GSSG Reductase and GSH Peroxidase Activities
o f  Blood from Lewis  Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  
and from T u m o u r - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean o f  two o b s e r v a t i o n s  ( e a c h  from t h e  
b lood  c om pos i te  o f  3 m ice )  a t  each t im e i n t e r v a l .
GSSG R e d u c ta s e c  
Time a f t e r  (nmol NADPH/min/mg Hb) 
t r a n s p l a n t a t i o n
of  tumour C o n t r o l  Tumour-
( d a y s ) b e a r i n g
GSH P e r o x i d a s e ^
(Enzyme u n i t s  /  mg Hb)
C o n t r o l Tumour-
b e a r i n g
5 71 67 14 .8 19 .6
7 64 60 15.6 1 5 .4
9 66 94 15 .0 14 .0
11 71 85 1 5 .4 14 .0
13 72 127 14 .8 1 2 . 0
15 70 91 15 .0 12 .3
Enzyme u n i t s  a r e  
:t 37° C, pH 7 . 0 .
d e f i n e d  as 1000 x l o g 10 ( d e c r e a s e  i n GSH/min)
TABLE 3.21 - Erythrocyte Catalase and /y-Glutamylcysteine Synthetase
o f  Blood from Lewis  Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  
and from Tum our - f re e  C o n t r o l s .
R e s u l t s  r e p r e s e n t  mean o f  two o b s e r v a t i o n s  ( each  from th e  
b lood  com pos i te  o f  3 mice )  a t  each t ime i n t e r v a l .
C a t a l a s e  
(k  [ l s t - o r d e r  r e a c t i o n  
r a t e  c o n s t a n t ] /min/mg Hb 
Time a f t e r  a t  2 + 1° C, pH 7 . 4 )
t r a n s p l a n t a t i o n
o f  tumour C o n t r o l  Tumour-
(d a y s )  b e a r i n g
13 1 .36  1 .37  0 .3 3  0 .4 6
15 1 .28  1 .33  0 .3 5  0 .5 0
17 1.25  1 .23  0 .3 4  0 .5 5
/y^glxitamy l e y s  t e i n e  
s y n t h e t a s e  (nmol /min 
mg Hb a t  37° C, pH 8 .2 5 )
C o n t r o l  Tumour-
b e a r i n g
melanomas u s u a l l y  became p a l p a b l e  a t  10 to  12 days  a f t e r  i m p l a n t a t i o n .  
T h e r e a f t e r ,  t h e  r a t e  o f  w e i g h t  g a i n  by B16 melanomas,  was s i m i l a r  to  t h a t  
o f  Lewis lung  c a rc inom as  ( f i g u r e  3 . 1 ) .  B16 melanomas had a mean d o u b l i n g  
t ime o f  43 .5  h r  when 0 .5  g,  and 87 h r  when 1 .0  g in  w e i g h t .  L i n e a r  
r e g r e s s i o n  a n a l y s i s  o f  tumour w e ig h t  a g a i n s t  t ime  ( d a y s )  a f t e r  i m p l a n t ­
a t i o n ,  r e v e a l e d  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 6  f o r  B16 melanoma.
DNA c o n c e n t r a t i o n s  o f  B16 melanomas were p ronounced .  P r o t e i n  conc­
e n t r a t i o n s  and DNA c o n c e n t r a t i o n s  o f  B16 melanoma d id  n o t  v a r y  s i g n i f ­
i c a n t l y ,  as  tumour mass i n c r e a s e d  ( t a b l e s  3 . 2 3 )
I n s p e c t i o n  o f  s e c t i o n e d  B16 melanomas showed the  tumour to  have  a 
mushy c o n s t i t u t i o n  o f  i n t e n s e  b l a c k  c o l o u r a t i o n .  The melanoma was u n i fo r m  
i n  a p p e a r a n c e  and t h e r e  were no v i s i b l y  a p p a r e n t  r e g i o n s  o f  h y p e ra e m ia  o r  
n e c r o s i s .
A c t i v i t i e s  o f  a n t i o x i d a n t  d e f e n c e  and r e l a t e d  enzymes i n  B16 melanomas:
As the  B16 melanomas ca n n o t  be compared w i th  t h e  t i s s u e  i n  which  i t  
o r i g i n a t e d ,  the  r e l a t i v e  l e v e l s  o f  the  b i o c h e m i c a l  e s t i m a t i o n s  f o r  t h e  
melanoma had to be indexed  to  t h o s e  o f  o t h e r  normal  m ur ine  t i s s u e s .  I n  
the  p r e s e n t  s t u d i e s ,  t h e s e  t i s s u e s  were l i m i t e d  to  l i v e r ,  l u n g ,  k i d n e y  
and b lo o d .
GSH p e r o x i d a s e  and GSSG r e d u c t a s e  a c t i v i t i e s  o f  B16 melanomas were 
w i t h i n  t h e  range  o f  a c t i v i t i e s ,  e x p r e s s e d  by normal  m ur ine  t i s s u e s ,  and 
d i d  no t  v a ry  s i g n i f i c a n t l y  w i th  t ime a f t e r  tumour i m p l a n t a t i o n  ( t a b l e s  
3 .2 4  and 2 . 2 5 ) .  Cu/Zn-SOD a c t i v i t i e s  and c a t a l a s e  a c t i v i t i e s  o f  B16 
melanoma were c o m p a r a t i v e l y  low, b e in g  l e s s  t h a n  t h a t  d e t e r m i n e d  f o r  
Lewis lung  c a rc inom as  ( t a b l e s  3 .2 6  and 3 . 2 7 ) .  The l e v e l  o f  melanoma 
c a t a l a s e  a c t i v i t y  d id  n o t  v a r y  be tw een  13 and 21 days a f t e r  i m p l a n t a t i o n  
( t a b l e  3 . 2 7 ) .  Cu/Zn-  SOD a c t i v i t i e s  o f  B16 melanomas i n  a n i m a l s ,  k i l l e d  
17 and 21 days a f t e r  i n o c u l a t i o n  w i t h  tumour c e l l s ,  were s i g n i f i c a n t l y
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FIG. 3 .1  -  Graph o f  Tumour Weight  A g a i n s t  Time A f t e r
I n t r a m u s c u l a r  T r a n s p l a n t a t i o n  o f  Lewis  Lung 
Carcinomas o r  B16 Melanomas i n t o  C57BL Mice 
Tumour w e ig h t  e x p r e s s e d  as  a % o f  c a r c a s s  w e i g h t .  
R e s u l t s  r e p r e s e n t  mean + SEM a t  each  t ime i n t e r v a l .
TABLE 3.22 -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
(d a y s )
13
17
21
L i v e r  and Tumour Weigh ts  o f  B16 M elanom a-bear ing  C57BL10 
Mice Tum our - f re e  l i t t e r  mates  s e r v e d  as  t h e  c o n t r o l s .  
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each t im e 
i n t e r v a l .
T u m o u r  L i v e r
C o n t r o l  Tumour-
b e a r i n g
(Weight  as % body wt minus tumour wt)
(wet  wt o f  t i s s u e s  shown i n  b r a c k e t s )
3 .9  + 0 .1  
.03 + 0 . 0 7 )
6 . 4  + 0 . 8 a 
1 .60  + 0 .1 7 )
14 .2  + 1 . 8b 
3 .27  + 0 . 2 6 )
5 .3  + 0 . 2  
( 1 .5 7  + 0 . 0 8 )
5 .3  + 0 .1  
( 1 .5 5  + 0 . 0 2 )
5 .5  + 0 . 2  
( 1 .6 0  + 0 . 1 5 )
5 . 6  + 0 . 3  
( 1 . 6 0  + 0 . 1 0 )
6 . 4  + 0 . 4  
(1 .6 2  + 0 . 0 4 )
6 .5  + 0 . 3  
( 1 .5 2  + 0 . 0 4 )
cL""fo * * • #S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05 )  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3 . 2 3  -  L i v e r  and Tumour DNA and P r o t e i n  C o n c e n t r a t i o n s  o f  B16 
M elanom a-bear ing  C57BL10 Mice T u m o u r - f re e  l i t t e r  
m ates  s e r v e d  as  the  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice  a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
(d a y s )
T u m o u r L i v e r
C o n t r o l Tumour-
b e a r i n g
(DNA cone11 as jug f o e t a l  c a l f  DNA e q u i v . /  mg p r o t e i n )  
( p r o t e i n  cone [mg/g]  shown i n  b r a c k e t s )
13 67 + 5 
(68  + 3)
19 + ! 1 
(78 + 2)
23 + 1 
(83 + 3)
17 67 + 6 
(66  + 3)
19 + 1 
(81 + 3)
22  +  1 
(85 + 3)
21 66  + 2 
(68 + 1 )
19 + 1 
(80 + 5)
31 + 3 
(78 + 2)
a -b Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those cearing the same
superscript letter.
TABLE 3 .2 4  -  L i v e r  and Tumour GSH P e r o x i d a s e  A c t i v i t i e s  o f  B16
M e la nom a-be a r ing  C57BL10 Mice Tum our - f ree  l i t t e r  m ates  
s e r v e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i th  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  the  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
T u m o u r L i v e r
C o n t r o l Tumour-
b e a r i n g
(Enzyme u n i t s  /  mg p r o t e i n )
13 14 + 1 124 + 6 121 + 4
17 13 + 1 128 + 4 111 + 3 ‘
21 13 + 1 120 + 7 118 + 9
Enzyme u n i t s  a r e  d e f i n e d  as  1000 x log.. ( d e c r e a s e  i n  GSH/min) a t  
37°  C, pH 7 .0 .
a Significantly different (P<0.05) by Newman-Keuls test (after analy3is
of variance) from all values except those bearing the same supgrscript
letter.
TABLE 3.25 -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
L i v e r  and Tumour GSSG R e d u c t a s e  A c t i v i t i e s  o f  B16 
M elanom a-bear ing  C57BL10 Mice Tum our - f re e  l i t t e r  m a te s  
s e r v e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice a t  each  t im e 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
T u m o u r  L i v e r
C o n t r o l  Tumour-
b e a r i n g
(nmol NADPH o x i d i z e d /  m in /  mg p r o t e i n  a t  37° C, pH 7 . 4 )
5 8 + 1  9 0 + 4  9 3 + 3
5 3 + 2  8 6 + 3  8 5 + 1
41 + l a  9 1 + 5  8 6 + 4
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 3.26 - Liver and Tumour Cu/Zn Superoxide Dismutase Activities of
B16 M e la nom a-be a r ing  C57BL10 Mice T u m o u r - f re e  l i t t e r  m a te s  
s e r v e d  a s  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each  t ime  
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
T u m o u r
C o n t r o l
L i v e r
Tumour-
b e a r i n g
R o( u n i t s  [Sigma ] /  mg p r o t e i n  a t  2 5 + 2  C, pH 7 . 5 )
13 7 .8  + 0 . 8 115 + 3 112 + 7
17 3 . 5  + 0 . 7 a 117 + 5 111 + 5
21 3 . 8  + 0 . 8 a 116 + 3 118 + 6
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
l e s s  than  t h e  a c t i v i t y  o f  melanoma t i s s u e ,  d e t e r m i n e d  13 days  p o s t  
i m p l a n t a t i o n  ( t a b l e  3 . 2 6 ) .
'y-Glutamyl  t r a n s p e p t i d a s e  a c t i v i t i e s  o f  B16 melanoma t i s s u e  were 
r e l a t i v e l y  pronounced  and d i d  no t  v a ry  w i t h  t ime a f t e r  i m p l a n t a t i o n  
( t a b l e  3 . 2 8 ) .  GSH c o n c e n t r a t i o n s  o f  B16 melanoma t i s s u e  were a p p r e c i a b l e  
( a p p r o x i m a t e l y  h a l f  t h a t  o f  l i v e r )  and d id  no t  change be tw een  13 and 21 
days  a f t e r  tumour i m p l a n t a t i o n  ( t a b l e  3 . 2 9 ) .  The GSSG c o n c e n t r a t i o n  o f  
B16 melanomas, 21 days a f t e r  t r a n s p l a n t a t i o n ,  was s i g n i f i c a n t l y  l e s s  t han  
a t  13 o r  17 days ( t a b l e  3 . 2 9 ) .  The r a t i o  o f  GSH to  GSSG in  B16 melanomas,  
i n c r e a s e d  s i g n i f i c a n t l y  be tw een  13 to  21 days p o s t  i m p l a n t a t i o n  ( t a b l e  
3 . 2 9 ) .
B16 melanoma t i s s u e  had a c o n s i d e r a b l e  c o n c e n t r a t i o n  o f  T B A - r e a c t i v e  
m a t e r i a l ,  a p p r o x i m a t e l y  h a l f  t h a t  o f  h e p a t i c  t i s s u e  ( t a b l e  3 . 3 1 ) .
E f f e c t  o f  B16 melanomas upon t h e  l i v e r s  o f  t u m o u r - b e a r i n g  m ice :  The
w e i g h t s  and p r o t e i n  c o n c e n t r a t i o n s  o f  the  l i v e r s  o f  mice b e a r i n g  B16
melanomas d i d  no t  d i f f e r  f rom t h o s e  o f  t u m o u r - f r e e  mice ( t a b l e s  3 . 2 2  and
3 . 2 3 ) .  H e p a t i c  DNA c o n c e n t r a t i o n s  o f  B16 melanoma- b e a r i n g  mice  were
s i g n i f i c a n t l y  g r e a t e r  t h a n  th o s e  o f  c o n t r o l  a n im a ls  ( t a b l e  3 . 2 3 ) .
GSH p e r o x i d a s e ,  GSSG r e d u c t a s e  and Cu/Zn SOD a c t i v i t i e s  o f  t h e  
l i v e r s  o f  m ice ,  w i t h  B16 melanomas,  d i d  n o t  d i f f e r  f rom t h e  a p p r o p r i a t e  
v a l u e s  i n  t u m o u r - f r e e  mice  ( t a b l e s  3 . 2 4 ,  3 .25  and 3 . 2 6 ) .  H e p a t i c  c a t a l a s e  
a c t i v i t i e s  i n  mice ,  b e a r i n g  B16 melanomas,  were a bou t  h a l f  t h o s e  o f  
t u m o u r - f r e e  c o n t r o l s  ( t a b l e  3 . 2 9 ) .
H e p a t i c  /y - g l utamy l  t r a n s p e p t i d a s e  a c t i v i t i e s  o f  B16 melanoma- 
b e a r i n g  mice were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  o f  t h e  c o n t r o l s  ( t a b l e  
3 . 2 8 ) .  GSH c o n c e n t r a t i o n s  in  t h e  l i v e r s  o f  m ice ,  k i l l e d  13 days  a f t e r  
i n o c u l a t i o n  w i th  B16 melanoma c e l l s ,  were s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h o s e  o f  t u m o u r - f r e e  a n im a ls  ( t a b l e  3 . 3 0 ) .  H e p a t i c  GSH c o n c e n t r a t i o n s  o f
TABLE 3 .27  -  L i v e r  and Tumour C a t a l a s e  A c t i v i t i e s  o f  B16 Melanoma-
b e a r i n g  C57BL10 Mice Tum our - f re e  l i t t e r  m a te s  s e r v e d  as  
t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  each  t ime  
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
T u m o u r L i v e r
C o n t r o l Tumour-
b e a r i n g
JL _2
(K x 10 /min  /mg p r o t e i n )
13 6 . 8  +  0 . 8 280 + 20 150 + 10'
17 6 .5  + 1 .1 290 + 20 150 + 10'
21 6 .5  + 1 .0 280 + 30 130 +2 0 '
A # O x
k i s  t h e  f i r s t - o r d e r  r e a c t i o n  r a t e  c o n s t a n t  a t  2 + 1 C, pH 7 . 4 ) .
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 3.28 -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
L i v e r  and T u m o u r<y - G l u ta m y l  T r a n s p e p t i d a s e  A c t i v i t i e s  o f  
B16 M elanom a-bear ing  C57BL10 Mice Tum our - f re e  l i t t e r  m ates  
s e r v e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
T u m o u r  L i v e r
C o n t r o l  Tumour-
b e a r i n g
(nmol p - n i t r o a n i l i d e /  m in /  mg p r o t e i n  a t  37° C, pH 7 . 8 )
0 .0 7 2  + 0 .0 0 2  0 .085  + 0 . 0 0 2 a
0 .0 7 0  + 0 .001  0 .090  + 0 . 0 0 3 a
0 .0 6 8  + 0 .0 0 2  0 .093  + 0 . 0 0 3 a
15 + 1
16 + 1
15 + 1
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 3.29 -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
Weight  i n  s i t u  and G l u t a t h i o n e  S t a t u s  o f  B16 
Melanoma Tumours Borne by C57BL10 Mice.
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 m ice  a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
G l u t a t h i o n e
Weight  GSH GSSG GSH/GSSG
(% o f  body wt )  (nmol/mg) (nmol/mg)
1 .7  + 0 .3  2 6 + 4  1. 7 + 0 . 3  1 7 + 2
3 .5  + 0 . 5 a 2 6 + 2  1. 5 + 0 . 1  1 8 + 2
6 .9  + 0 . 7 b 2 6 + 2  1.1 + 0 . 2 C 26 + 4d
c l“ Cl # • » -—S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same 
s u p e r s c r i p t  l e t t e r .
TABLE 3.30 - Glutathione Status of Livers from B16 Melanoma-bearing
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
C57BL10 Mice ,  and from T u m o u r - f re e  C o n t r o l s  
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice  a t  ea ch  t ime 
i n t e r v a l .  P r o t e i n  d e t e r m i n e d  w i t h  Coomassie  b l u e  r e a g e n t ,  
u s i n g  BSA as  t h e  s t a n d a r d .
G S H  G S G G  G S H / G S S G
(nmol /  mg p r o t e i n )  (nmol /  mg p r o t e i n )
C o n t r o l  Tumour- C o n t r o l  Tumour- C o n t r o l  Tumour- 
b e a r i n g  b e a r i n g  b e a r i n g
4 9 + 4  68 + 5a 1. 3 + 0. 1 1. 6 + 0 . 2  4 0 + 4  4 7 + 7
4 9 + 3  4 9 + 2  1 . 2  + 0 . 2  1. 5 + 0 . 2  4 4 + 4  3 7 + 6
5 2 + 2  19 + 3b 1 .3  + 0 .1  1 .4  + 0 .2  47 + 4 15 + 4 C
Significantly different (P<0.05) by Newman-Keuls test (after analysis of
variance) from all values except those bearing the same superscript letter.
a n i m a l s ,  t h a t  had b o r n e  B16 melanomas f o r  21 d a y s ,  were s i g n i f i c a n t l y  l e s s  
than  c o n t r o l  v a l u e s  ( t a b l e  3 . 3 0 ) .  H e p a t i c  T B A - re a c t i v e  m a t e r i a l  
c o n c e n t r a t i o n s  o f  m ice ,  k i l l e d  17 and 21 days a f t e r  t r a n s p l a n t a t i o n  o f  B16 
melanomas, were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  o f  t u m o u r - f r e e  mice  ( t a b l e  
3 . 3 1 ) .
E f f e c t  o f  B16 melanoma upon t h e  b lood  o f  t u m o u r - b e a r i n g  m ice :  Dur ing  the
p e r i o d  o f  i n v e s t i g a t i o n ,  13 to  21 days a f t e r  tumour i m p l a n t a t i o n ,  B16 
m e la nom a -bea r ing  mice had p ronounced  d e c r e a s e s  i n  h a e r a a t o c r i t  and haemo­
g l o b i n  c o n c e n t r a t i o n  ( t a b l e  3 . 3 4 ) .  The anaemia  was n o t  as  s e v e r e  as  t h a t
a s c e r t a i n e d  f o r  m ic e ,  b e a r i n g  Lewis lung  c a r c i n o m a s .
Mice w i t h  B16 melanomas had m o d e r a t e l y  i n c r e a s e d  e r y t h r o c y t e  GSH 
c o n c e n t r a t i o n s  ( t a b l e  3 . 3 3 ) .  Red b lood  c e l l  GSSG c o n c e n t r a t i o n s  o f  mice ,  
t h a t  had b o r n e  B16 melanomas f o r  21 d a y s ,  was h a l f  t h a t  o f  c o n t r o l  a n im a ls  
( t a b l e  3 . 3 3 ) .  E r y t h r o c y t e  GSSG r e d u c t a s e  and GSH p e r o x i d a s e  a c t i v i t i e s  o f  
B16 m e la n o m a -b e a r in g  mice were c o n s i d e r a b l y  g r e a t e r  t h a n  t h o s e  of
t u m o u r - f r e e  mice ( t a b l e  3 . 3 4 ) .  SOD a c t i v i t y  o f  e r y t h r o c y t e s  f rom m ic e ,  t h a t
had b o rn e  B16 melanomas,  d i d  no t  d i f f e r  f rom t h a t  o f  c o n t r o l  mice  ( t a b l e  
3 . 3 5 ) .  Plasma c a e r u l o p l a s m i n  o x i d a s e  a c t i v i t i e s  o f  mice  w i t h  B16 melanomas 
were a p p r e c i a b l y  g r e a t e r  t han  c o n t r o l  p lasma a c t i v i t i e s  ( t a b l e  3 . 3 5 ) .
The m a jo r  e f f e c t s  o f  i /m  embedded B16 melanomas upon m ur ine  l i v e r  and 
b l o o d ,  as  d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s ,  a r e  summarized i n  t a b l e  3 . 3 7 .
TABLE 3.31 -
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
L i v e r  and Tumour T h i o b a r b i t u r i c  Acid  M a t e r i a l  
C o n c e n t r a t i o n  o f  B16 M elanom a-bear ing  C57BL10 Mice 
T u m o u r - f r e e  l i t t e r  mates  s e rv e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice a t  e ach  t ime 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i t h  Coomassie  b l u e  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Chroraaphores  o b t a i n e d  by i n c u b a t i o n  f o r  30 min a t  100° C
i n  0 .0 5  M H„S0/ .  No a n t i o x i d a n t  a d d i t i v e s  were u s e d .
—  2 4
T u m o u r  L i v e r
C o n t r o l  Tumour-
b e a r i n g
(nmol m a l o n d ia l d e h y d e  e q u iv .  /mg p r o t e i n  )
0 .75  + 0 .0 5  1 .3  + 0 .2  1 .8  + 0 . 2
0 .6 8  + 0 .0 9  1.3  + 0 .1  2 .0  + 0 . 1 a
0 .7 0  + 0 . 0 4  1.3  + 0 .2  2 .5  + 0 . 2 a
a Significantly different (P<0.05) by Newraan-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 3.32 - Haematocrits and Haemoglobin Concentrations of Blood from
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( days )
13
17
21
B16 M elanom a-bear ing  C57BL10 Mice,  and from T u m o u r - f r e e  
C o n t r o l s
R e s u l t s  r e p r e s e n t  t h e  mean of  two o b s e r v a t i o n s  ( e a c h  from 
t h e  b lood  c om pos i te  o f  3 mice)  a t  each  t ime i n t e r v a l .
H a e m o g l o b i n  
(mg/ 0 . 1ml b l o o d )
C o n t r o l  Tumour- C o n t r o l  Tumour-
b e a r i n g  b e a r i n g
39 31 13 .2  10 .2
38 30 12 .7  8 .5
41 28 12.9 6.2
H a e m a t o c r i t  
(% v / v )
TABLE 3.33 - Erythrocyte Glutathione Status of Blood from B16
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
M e la nom a-be a r ing  C57BL10 Mice,  an 
C o n t r o l s
R e s u l t s  r e p r e s e n t  t h e  mean o f  two 
t h e  b lo o d  co m p o s i t e  o f  3 m ice )  a t
G S H  G
(nmol /  mg Hb) (nmo
C o n t r o l  Tumour- C o n t r o l
b e a r i n g
4 . 4  5 .1  0 .6
4 . 0  5 . 4  0 .6
4.6 6.0 0.6
f rom T u m o u r - f r e e
o b s e r v a t i o n s  ( e a c h  from 
each  t ime i n t e r v a l .
S G  G S H / G S S G
mg Hb)
Tumour- C o n t r o l  Tumour- 
b e a r i n g  b e a r i n g
0 . 6  6 . 9  8 . 4
0 . 6  7 .1  9 .0
0.6 7.8 21.1
TABLE 3.34 - Erythrocyte GSSG Reductase and GSH Peroxidase Activities
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
(d a y s )
13
16
21
o f  Blood from B16 M elanom a-bear ing  C57BL10 Mice, and from 
T u m o u r - f re e  C o n t r o l s
R e s u l t s  r e p r e s e n t  the  mean o f  two o b s e r v a t i o n s  ( e a c h  from 
t h e  b lood  c o m pos i te  o f  3 m ice )  a t  each  t ime i n t e r v a l .
GSSG R e d u c ta s e  
(nmol NADPH/min/rag 
Hb a t  37° C, pH 7 . 4 )
C o n t r o l Tumour-
b e a r i n g
69 101
69 100
75 123
GSH Peroxidase. , .
(Enzyme u n i t s  /  mg Hb)
C o n t r o l Tumour-
b e a r i n g
14 .3 15 .9
13 .9 1 6 .4
15 .2 21 .5
Enzyme u n i t s  a r e  d e f i n e d  as 1000 x l o g lf) ( d e c r e a s e  i n  GSH/min) a t  37° 
C, pH 7 . 0 .
TABLE 3.35 - Erythrocyte Cu/Zn Superoxide Dismutase Activities
and Plasma Caeruloplasmin Oxidase Activities of Blood from
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
13
17
21
B16 M elanom a-bear ing  C57BL10 Mice,  and from T u m o u r - f re e  
C o n t r o l s
R e s u l t s  r e p r e s e n t  t h e  mean o f  two o b s e r v a t i o n s  ( e a c h  from 
t h e  b lo o d  c om pos i te  o f  3 m ic e )  a t  each  t ime  i n t e r v a l .
Plasma c a e r u l o p l a s m i n  
(O x idase  u n i t s /  mg Hb 
a t  30° C, pH 5 . 0 )
C o n t r o l  Tumour- C o n t r o l  Tumour-
b e a r i n g  b e a r i n g
2 .7  2 .6  0 .15  0 .1 8
2 .7  2 .5  0 .15  0 .2 8
2.5 2.9 0.15 0.32
E r y t h r o c y t e  SOD 
( u n i t s  [Sigma ] /  mg Hb 
a t  24 + 2° C, pH 7 . 5 )
TABLE 3 .3 6  -  Summary o f  Major  E f f e c t s  o f  t h e  Lewis Lung Carc inoma upon 
T i s s u e s  o f  Hos t  C57BL6 Mice ,  D i s t a l  t o  t h e  S i t e  o f  
I m p l a n t a t i o n  ( a s  d e t e r m i n e d  i n  t h e  s t u d i e s  o f  C h a p t e r  3)
P a r a m e t e r T i s s u e Day a f t e r  
i m p l a n t ­
a t i o n  when 
f i r s t  s i g ­
n i f i c a n t .
Value  as  
a % o f  
c o r r e s ­
ponding  
tumour -  
c o n t r o l .
Trend w i t h  f u r t h e r  
t ime  a f t e r  im p lan ­
t a t i o n .
DNA l i v e r 9 150 S ta y s  a t  t h i s  l e v e l
lu ng 11 140 S t a y s  a t  t h i s  l e v e l
GSH p e r o x i d a s e l i v e r  m i t o c h o n d r i a 15 70 D e c r e a s e s  to  60% by 
day 17
e r y t h r o c y t e 9 90 S t a y s  a t  t h i s  l e v e l
C a t a l a s e l i v e r
*
13
.t.
70 D e c r e a s e s  to  50% by 
day 17
lung 13" 80 D e c r e a s e s  to  70% by 
day 17
GSSG r e d u c t a s e l i v e r 13 140 S ta y s  a t  t h i s  l e v e l
lung 11 130 S t a y s  a t  t h i s  l e v e l
e r y t h r o c y t e 9 140 S ta y s  a t  t h i s  l e v e l
C y t o s o l i c
/y - g l u t a m y l c y s t -
l i v e r 15 55 I n c r e a s e s  t o  130% 
by day 17
e i n e  s y n t h e t a s e lung 13" 70 I n c r e a s e s  to  140% 
by day 17
e r y t h r o c y t e 13" 140 I n c r e a s e s  to  160% 
by day 17
M i t o c h o n d r i a l
' y - g lu t a m y l
l i v e r
*
14
•A.
140 No f u r t h e r  d e t e r m i n ­
a t i o n s
t r a n s p e p t i d a s e lung 14" 160 No f u r t h e r  d e t e r m i n ­
a t i o n s
C y t o s o l i c
GSH S - t r a n s f e r a s e
l i v e r 9 130 S t a y s  a t  t h i s  l e v e l
G l u c o s e - 6 - p h o s -
d e h y d ro g e n a s e
l i v e r 15 70 D e c r e a s e s  t o  60% by 
day 17
Organ w e i g h t^ k id n e y 15 80 No f u r t h e r  d e t e r m i n ­
a t i o n s
H a e m a t o c r i t b lood 13 40 S ta y s  a t  t h i s  l e v e l
Haemoglobin b lood 11 80 D e c r e a s e s  t o  40% by 
day 15
gsh / gssg e r y t h r o c y t e 15 180 No f u r t h e r  d e t e r m i n ­
a t i o n s
No d e t e r m i n a t i o n s  p r i o r  t o  t h i s  day a f t e r  i m p l a n t a t i o n .
A l l  v a l u e s  ( e x c e p t  ) a r e  s p e c i f i c  a c t i v i t i e s  o r  c o n c e n t r a t i o n s .
TABLE 3.37 - Summary of Major Effects of the B16 Melanoma upon Tissues of Host
C57BL6 Mice,  D i s t a l  t o  t h e  S i t e  o f  I m p l a n t a t i o n  ( a s  d e t e r m i n e d  i n  
t h e  s t u d i e s  o f  C h a p t e r  3)
P a r a m e te r T i s s u e Day a f t e r  Value  as  Trend w i t h  f u r t h e r
i m p l a n t -  a % o f  t ime  a f t e r  im p lan -
a t i o n  when c o r r e s -  t a t i o n .
f i r s t  s i g -  pond ing
n i f i c a n t .  tumour-
c o n t r o l .
DNA l i v e r 13' 120 I n c r e a s e s  to  170% by
day 2 1 .
GSH p e r o x i d a s e  l i v e r 17 90 Only one o c c a s i o n  o f
s i g .  d i f f e r e n c e .
C a t a l a s e l i v e r 13 54 D e c r e a s e s  to  48% by
day 21
' y -G lu tam yl  l i v e r
t r a n s p e p t i d a s e
13 120 I n c r e a s e s  to  140% by
day 2 1 .
G l u t a t h i o n e  l i v e r
(GSH)
e r y t h r o c y t e
13
13:
140 D e c r e a s e s  t o  37% by
day 2 1 .
120 i n c r e a s e s  to  130%
by day  2 1 .
H a e m a t o c r i t b lood 13 80 D e c r e a s e s  to  70% by
day 2 1 .
Haemoglobin b lo o d 13 80 D e c r e a s e s  to  55% by
day 2 1 .
No d e t e r m i n a t i o n s  p r i o r  to  t h i s  day a f t e r  i m p l a n t a t i o n .  
A l l  v a l u e s  a r e  s p e c i f i c  a c t i v i t i e s  o r  c o n c e n t r a t i o n s .
DISCUSSION
H i s t o l o g i c a l  E v ide nce  o f  B io c h e m ica l  L e s io n s  i n  Normal T i s s u e s  o f  Mice 
B e a r in g  Lewis Lung Carc inomas
The p ro found  h i s t o l o g i c a l  changes  o b s e rv e d  f o r  l i v e r s  o f  m ice ,
\
b e a r i n g  Lewis lung  c a rc in o m a s ,  i n d i c a t e d  t h a t  the  p r e s e n c e  o f  a  tumour 
had evoked s i g n i f i c a n t  b i o c h e m i c a l  d i s t u r b a n c e s  in  t h e s e  a n i m a l s .  These 
m o r p h o l o g i c a l  p u r t u r b a t i o n s  were s i m i l a r  to  t h o s e  o f  s u b l e t h a l  i n j u r y ,  
r e s u l t i n g  from t o x i c  i n s u l t  o r  v i r a l  i n f e c t i o n  (Trump and A r s t i l l a ,  1971;
Reynolds  and T r e i n e n  Moslen ,  1980) .  A v i r a l  s c r e e n  o f  mice b e a r i n g  Lewis
lung  c a rc inom as  d id  n o t ,  however ,  show any e v id e n c e  o f  i n f e c t i o n  by 
common murine  v i r u s e s  ( s e e  Appendix I I I ) .  H e p a t i c  f u n c t i o n  o f  c a n c e r  
p a t i e n t s ,  a s s e s s e d  by s e v e r a l  b i o c h e m ic a l  t e s t s ,  has  been  r e p o r t e d  to  be 
c o n s i d e r a b l y  im p a i r e d  ( G r e e n s t e i n ,  1954) .
The l i v e r  c e l l s  o f  m ice ,  b e a r i n g  E h r l i c h  a s c i t e s  tumours ,  have  been
r e p o r t e d  to  have  m o r p h o l o g ic a l  changes  i n  t h e  endop la sm ic  r e t i c u l u m  and
o t h e r  c y t o p l a s m i c  components ,  and d i s p l a y  l i p i d  v a c u o l i z a t i o n  (Baum and 
N i s h im u r a ,  1964) .  H i s t o l o g i c a l  changes  in  t h e  a d r e n a l  g l a n d s  o f  t um our -  
b e a r i n g  r a t s  have  a l s o  been  r e p o r t e d  ( D a l t o n ,  1944) .  T u m o u r -b e a r in g  mice 
have  been  r e p o r t e d  to  f o c a l  n e c r o s i s  and amyloid i n f i l t r a t i o n  i n  t h e i r
l i v e r s  ( P a r s o n s  e t  a l , 1947) .  M o rp h o l o g i c a l  changes  to  the  l i v e r s  o f
tu m o u r - b e a r i n g  an im a ls  have  n o t ,  however ,  been  a u n i v e r s a l  f i n d i n g  (Begg,  
1958; S t e i n  e t  a l , 1976) .  T um our-bear ing  r a t s ,  f o r  example,  h a v e  been  
r e p o r t e d  to  have numerous b i o c h e m i c a l  a b n o r m a l i t i e s  b u t  to  be h i s t o l o g ­
i c a l l y  normal  (G reenga rd ,  1979) .
The i n c r e a s e  i n  t h e  number o f  m i t o t i c  c e l l s  i n  t h e  l i v e r s  o f  m ice ,
b e a r i n g  Lewis lung ca rc in om as  a g re e d  w i th  s i m i l a r  f i n d i n g s ,  r e p o r t e d
p r e v i o u s l y  f o r  t u m o u r -b e a r i n g  an im a ls  (Annae e t  a l , 1951;  Malmgren,  1956;  
Ba se rga  and K i s i e l e s k i ,  1961; Morgan and Cameron, 1973) .  The d i v i d i n g
cells in the livers of mice, bearing Lewis lung carcinomas had the 
appearance of hepatocytes. No infiltrating neoplastic cells were seen in 
liver sections from Lewis lung carcinoma-bearing mice. Although numerous 
metastatic cells were observed in sections of lung from mice, bearing
Lewis lung carcinomas, the residual pulmonary tissue had similar histo­
logical appearance to that of tumour-free animals. This suggested that 
the abnormalities of the liver were not caused by metastasis.
Liver sections from Lewis lung carcinoma-bearing mice contained 
haemosiderin-like pigments, which are associated with autoxidative injury
(Lippman, 1983;  Chapter 2 ) .  This pigment was unlikely to have been arti-
factual formalin pigment because livers were fixed in formol saline, 
buffered at neutral pH. The observation of lipofuscin-like auto­
fluorescence was further evidence of hepatic injury due to autoxidation, 
in these animals (Chapter 2 ) .  These observations might correlate with the 
biochemical finding of increased hepatic TBA-reactive - material
concentrations in mice, bearing Lewis lung carcinomas (Capel and 
Thornley, 1982) .  The study was, however, limited to only 6 tumour-bearing 
and 6 tumour-free mice and further investigations, using a greater number 
of animals and other histological procedures to detect free-radical 
metabolites (Chapter 2 ) ,  would therefore be justified.
Effect of Tumours Upon Body and Organ weights
T here  have  been  numerous r e p o r t s  o f  i n c r e a s e d  h e p a t i c  mass o f  
t u m o u r - b e a r i n g  an im a ls  (M ed ig receanu ,  1910;  Y e a k e l ,  1948; Annae e t  a l , 
1951;  S t e w a r t  and Begg, 1953; T h e o l o g id e s ,  1971) .  Much o f  t h e  i n c r e a s e  i n  
l i v e r  w e i g h t  may g e n e r a l l y  be a t t r i b u t a b l e  to  t h e  g r e a t e r  w a t e r  c o n t e n t  
o b s e rv e d  f o r  l i v e r s  o f  t u m o u r - b e a r i n g  a n i m a l s ,  i n  c om pa r i son  to  tu m our -
f r e e  c o n t r o l s  (Rechnege l  e t  a l , 1961; T h e o l o g i d e s ,  1971;  Lundholm e t  a l ,
1979) .  The l i v e r  w e i g h t s  o f  mice b e a r i n g  e i t h e r  Lewis lung c a r c in o m a s  o r  
B16 melanomas d id  no t  d i f f e r  f rom th o s e  o f  c o n t r o l  a n i m a l s .  The r a t i o  o f
however  s i g n i f i c a n t l y  g r e a t e r  i n  a n i m a l s , b e a r i n g  c o m p a r a t i v e l y  advanced  
tumours  (>8% body w e i g h t )  t h a n  t h a t  o f  t h e  c o n t r o l s .  An im als ,  b e a r i n g  
Lewis lung  ca rc in om as  o r  B16 melanomas,  were t hus  a b l e  to  m a i n t a i n  a 
c o n s t a n t  l i v e r  we igh t  d e s p i t e  t h e  d e c r e a s e  i n  c a r c a s s  w e i g h t .  The r a t i o  
o f  d r y  l i v e r  w e igh t  to  t o t a l  a n im a l  w e igh t  o f  t u m o u r - b e a r i n g  a n im a l s  has  
been  r e p o r t e d  e l s e w h e r e  to  be g r e a t e r  t han  t h a t  o f  t u m o u r - f r e e  an im a ls  
( T h e o l o g i d e s ,  1971) .  Pulmonary w e i g h t s  o f  Lewis  lung  c a r c i n o m a - b e a r i n g  
mice were a l s o  unchanged ,  a l t h o u g h  l o s s  o f  pulmonary  mass m igh t  ha v e  been
masked by t h e  w e igh t  o f  m e t a s t a t i c  f o c i .
Loss o f  body w e igh t  i n  man o r  an im a ls  w i t h  c a n c e r ,  has  f r e q u e n t l y  
been  r e p o r t e d  ( C o s t a ,  1977;  deWys, 1982) .  Much o f  t h i s  l o s s  o f  b iom ass  i s  
p r o b a b l y  caused  by the  c a t a b o l i s m  o f  h o s t  t i s s u e s ,  p r i m a r i l y  o f  s k e l e t a l  
m u sc l e ,  to  meet  the  n u t r i e n t  r e q u i r e m e n t s  o f  tumours  ( C o s t a ,  1977; 
Bennegard e t  a l , 1982; P a i n  e t  a l , 1984) .  The l i v e r s  o f  m ic e ,  b e a r i n g
Lewis lung ca rc in om as  o r  B16 melanomas,  p o s s i b l y  had r e s i s t a n c e  to  t h i s  
c a t a b o l i s m .
The i n c r e a s e  in  s p l e e n  w e ig h t s  o f  a n i m a l s ,  im p l a n t e d  w i t h  Lewis  lung  
ca rc inom a s  o r  B16 melanomas,  was in  ag reemen t  w i t h  s i m i l a r  p r e v i o u s  
o b s e r v a t i o n s  f o r  t u m o u r - b e a r i n g  a n im a ls  ( G r e e n s t e i n ,  1954) ,  and i n d i c a t e s
t h a t  t h e  tumour had evoked an immune r e s p o n s e  i n  t h e  h o s t  a n im a l  ( s e e
C h a p t e r  5 ) .
E f f e c t  o f  Tumours Upon P r o t e i n  and DNA C o n c e n t r a t i o n s
H e p a t i c  p r o t e i n  s y n t h e s i s  and p r o t e i n  t u r n o v e r ,  have  been  r e p o r t e d  
to  be g r e a t e r  t h a n  c o n t r o l  l e v e l s ,  i n  t u m o u r -b e a r in g '  mice and r a t s ,  and 
i n  c a n c e r  p a t i e n t s  (Norberg and G r e e n b e r g ,  1951;  S t e i n  e t  a l , 1976;  
Lundholm e t  a l , 1978; Lundholm e t  a l , 1979; Nor ton  e t  a l , 1981;  P a i n  ejt 
a l , 1984) .  I n  t h e  p r e s e n t  s t u d i e s ,  h e p a t i c  p r o t e i n  c o n c e n t r a t i o n s  o f
Lewis lung  c a r c i n o m a - b e a r i n g  and B16 m e la n o m a -b e a r in g  mice were e s s e n t ­
i a l l y  unchanged .  The l e v e l s  and t u r n o v e r s  o f  some h e p a t i c  p r o t e i n s  m ig h t ,  
however ,  have  been  i n c r e a s e d ,  p o s s i b l y  a t  t h e  e xpe nse  o f  a lowered  
s y n t h e s i s  o r  i n c r e a s e d  c a t a b o l i s m  o f  o t h e r  p r o t e i n s  ( S t e i n  e t  a l , 1976) .
The p r o t e i n  c o n c e n t r a t i o n s  o f  Lewis lung  c a rc inom a  t i s s u e  was a lm os t  
tw i c e  t h a t  o f  t h e  r e f e r e n c e  t i s s u e ,  lung  from t u m o u r - f r e e  mice  (C h a p te r  
2 ) .  As t h e  p r o t e i n  c o n c e n t r a t i o n s  o f  t h e  lungs  o f  mice ,  b e a r i n g  Lewis 
lung  ca rc in o m a s  were e s s e n t i a l l y  t h e  same as t h o s e  o f  c o n t r o l  a n i m a l s ,  
m e t a s t a t i c  c e l l s  p e r  se  p r o b a b l y  d id  n o t  make many s i g n i f i c a n t  d i r e c t  
c o n t r i b u t i o n s  to  the  b i o c h e m ic a l  c h a r a c t e r  o f  t h e  lungs  o f  m ic e ,  b e a r i n g  
Lewis lung  c a rc in o m a s .
The p r e s e n t  i n v e s t i g a t i o n s  c o n f i r m  p r e v i o u s  r e p o r t s  o f  i n c r e a s e d  DNA 
c o n c e n t r a t i o n s  o f  the  l i v e r s  o f  t u m o u r - b e a r i n g  a n im a ls  ( G r e e n s t e i n ,  1954;  
Begg, 1958 ) .  Th is  f i n d i n g  has  n o t ,  however ,  been  u n i v e r s a l ,  as  the  DNA 
c o n c e n t r a t i o n s  o f ,  f o r  example,  s a r c o m a - b e a r i n g  mice  have  be e n  r e p o r t e d  
n o t  to  d i f f e r  from t h a t  o f  h e a l t h y  a n im a ls  ( K a r l b e r g  e t  a l , 1981) .  The 
i n c r e a s e  i n  t h e  h e p a t i c  DNA c o n c e n t r a t i o n s  o f  t u m o u r - b e a r i n g  mice may 
have  c o r r e l a t e d  w i th  w i t h  the  i n c r e a s e d  i n c i d e n c e  o f  m i t o t i c  h e p a t o c y t e s ,  
o b s e rv e d  e l s e w h e r e  and i n  the  p r e s e n t  s t u d i e s  f o r  mice  b e a r i n g  Lewis lung  
c a r c in o m a s .  The lungs  and k id n ey s  o f  t u m o u r - b e a r i n g  mice have  a l s o  be e n  
r e p o r t e d  to  have  g r e a t e r  DNA c o n c e n t r a t i o n s  t h a n  th o s e  o f  t u m o u r - f r e e  
mice (Begg, 1958) .  The g r e a t e r  DNA c o n c e n t r a t i o n  o f  pulmonary  t i s s u e  from 
Lewis lung  c a r c i n o m a - b e a r i n g  mice t h a n  t u m o u r - f r e e  c o n t r o l s ,  was 
p r o b a b l y ,  a t  l e a s t  in  p a r t ,  due to  t h e  c o n t r i b u t i o n  from m e t a s t a t i c  
c e l l s .
The p r e s e n c e  o f  a tumour has  been  r e p o r t e d  to  c a u se  i n c r e a s e s  i n  t h e  
RNA c o n c e n t r a t i o n s  o f  v a r i o u s  normal  t i s s u e s  i n  l a b o r a t o r y  a n im a l s  and 
man (Begg, 1958;  K a r l b e r g  e t  a l , 1981;  Lundholm e t  a l , 1978;  Lundholm e t  
a l ,  1 9 79 ) .  L i v e r  c e l l s ,  i s o l a t e d  from s a r c o m a - b e a r i n g  m ice ,  ha v e  b e e n
o b s e rv e d  to  have  g r e a t e r  r a t e s  o f  n u c l e i c  a c i d  t r a n s c r i p t i o n  and p r o t e i n  
t r a n s l a t i o n  i n  v i t r o  t h a n  c e l l s  f rom h e a l t h y  mice ( T e r n e l l  e t  a l , 1983) .  
The g r e a t e r  n u c l e i c  a c i d  c o n c e n t r a t i o n s  o f  n o n - n e o p l a s t i c  t i s s u e s  in  
t u m o u r - b e a r i n g  h o s t s  (Begg,  1958) ,  s u p p o r t s  t h e  e a r l i e r  s u g g e s t i o n  t h a t  
s y n t h e s i s  o f  a t  l e a s t  some h e p a t i c  enzymes i n  m ic e ,  b e a r i n g  Lewis  lung  
ca rc inom a s  o r  B16 melanomas was i n c r e a s e d .  Many o f  t h e  b i o c h e m i c a l
changes  i n  t h e  normal  t i s s u e s  o f  t u m o u r - b e a r i n g  m ic e ,  o b s e rv e d  i n  t h e  
c u r r e n t  i n v e s t i g a t i o n s ,  may th u s  have  o r i g i n a t e d  a t  t h e  l e v e l  o f  DNA 
r e p l i c a t i o n  and p r o t e i n  s y n t h e s i s  (Begg, 1958) .
E f f e c t  o f  Tumours Upon A n t i o x i d a n t  Defence  Enzymes o f  H os t  T i s s u e s
C a t a l a s e  a c t i v i t y :  The o b s e r v a t i o n s  o f  t h e  p r e s e n t  s t u d i e s
t h a t  h e p a t i c  c a t a l a s e  a c t i v i t i e s  o f  m ice ,  b e a r i n g  Lewis lung  c a rc in o m a s  
o r  B16 melanomas,  were d e c r e a s e d ,  a g r e e d  w i t h  the  many s i m i l a r  r e p o r t s  
e l s e w h e r e  f o r  t u m o u r - b e a r i n g  r o d e n t s  ( G r e e n s t e i n ,  1954; Begg, 1958;
Busch,  1962; N ish im ura  e t  a l , 1962;  H i g a s h i  e t  a l , 1968) .  Tumours b o r n e  
by o t h e r  s p e c i e s ,  such as  f r o g s  o r  c h i c  embryos ,  have  a l s o  been  o b s e r v e d  
to c a u s e  a d e p r e s s i o n  i n  t h e  h e p a t i c  c a t a l a s e  a c t i v i t i e s  o f  t h e  h o s t  
an im al  (Busch ,  1962) .  P a t i e n t s ,  i n  t h e  advanced s t a g e s  o f  c a n c e r ,  have
been  r e p o r t e d  t o  have  lower  h e p a t i c  c a t a l a s e  a c t i v i t i e s  t h a n  n o n - c a n c e r
p a t i e n t s  (M a ld ia  and H o l l a n d ,  1962) .  R e p o r t s  o f  d e c r e a s e d  h e p a t i c  
c a t a l a s e  a c t i v i t i e s  f o r  c a n c e r  p a t i e n t s  h a v e ,  however ,  be e n  much l e s s  
common than  t h o s e  f o r  t u m o u r - b e a r i n g  a n i m a l s ,  p o s s i b l y  b e c a u s e  the  
tum our -bu rden  t o l e r a b l e  to  human b e i n g s  i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  
g e n e r a l l y  i n f l i c t e d  upon l a b o r a t o r y  a n im a ls  (Busch ,  1962) .
Animal  t i s s u e s  were f i r s t  o b se rve d  to  c o n t a i n  s u b s t a n c e s  t h a t  can 
i n h i b i t  c a l a s e  a c t i v i t y  i n  v i t r o  i n  1905 ( B a t t e l l i  and S t e r n ) .  C a t a l a s e  
a c t i v i t y  o f  r a t  l i v e r  homogenates  has  been  o b s e r v e d  to  be i n h i b i t e d  by a 
wide v a r i e t y  o f  s u b s t a n c e s  i n c l u d i n g  n u c l e i c  a c i d  c a t a b o l i t e s ,  and 
s u b s t a n c e s  r e l e a s e d  by p o s t  mortem a u t o l y s i s  o f  normal  t i s s u e s  and
n e c r o s i s  o f  n e o p l a s t i c  t i s s u e s  (H a rg r e a v e s  e t  a l , 1959) .  A c o n s i d e r a b l e  
number o f  s u b s t a n c e s ,  such as  t a l c um ,  c o l l o i d a l  c a r b o n ,  amino a c i d s ,  
p u r i n e s ,  c e r t a i n  b a c t e r i a  and v i r u s e s ,  and s e v e r a l  a n t i c a n c e r  d rugs  and 
c a r c i n o g e n s ,  have been  r e p o r t e d  to  c a u se  d e c r e a s e d  h e p a t i c  c a t a l a s e
a c t i v i t y  when i n j e c t e d  i n t o  normal  a n im a ls  (Kampschmid t , 1965) .  I t  has  
been  r e p o r t e d  t h a t  p a t i e n t s ,  w i t h  g a s t i c  c a r c in o m a s ,  have  a h e p a t i c
c a t a l a s e - i n h i b i t i n g  f a c t o r  i n  t h e i r  g a s t i c  j u i c e s  (Takamura,  1962) .  The
d e c r e a s e d  c a t a l a s e  a c t i v i t y  o f  t h e  l i v e r s  o f  m ice ,  b e a r i n g  Lewis lung  
c a rc inom as  o r  B16 melanomas,  might  thus  have  been  ca use d  by enzyme
i n h i b i t i o n  by s u b s t a n c e s  s e c r e t e d  d i r e c t l y  by ,  o r  as a c onseque nc e  o f ,
t h e  tumour.
/
The d e c r e a s e  i n  c a t a l a s e  a c t i v i t y  i n  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  
an im a ls  has  a l s o  been  c o n s i d e r e d  to  be caused  by r e p r e s s i o n  o f  t h e  
s y n t h e s i s  o f  t h e  enzyme (N ish im ura  e t  a l , 1962; H i g a s h i  e t  a l , 1968 ) .  The 
b i o s y n t h e s i s  o f  h e p a t i c  c a t a l a s e  i n  r a t s ,  b e a r i n g  a s c i t e s  h e p a to m as ,  has  
been  shown, u s i n g  immunochemical  t e c h n i q u e s ,  to  be l e s s  t h a n  t h a t  o f  
t u m o u r - f r e e  r a t s  (Kash iw agi  e t  a l , 1972) .
The d e p r e s s i o n  o f  h e p a t i c  c a t a l a s e  s y n t h e s i s  in  m ice ,  f o l l o w i n g
tumour i m p l a n t a t i o n  o r  i n j u r y  w i t h  t a l c u m ,  has  been  a s s o c i a t e d  w i t h
u l t r a s t r u c t u r a l  changes  i n  t h e  l i v e r s  o f  t h e s e  a n im a ls  (Baum and
N is h im u r a ,  1964) .  The g r o s s  h i s t o l o g i c a l  changes  o f  Lewis lung  
c a r c i n o m a - b e a r i n g  m ice ,  o b se rve d  in  t h e  p r e s e n t  s t u d i e s ,  m igh t  t h u s  have  
been  r e l a t e d  to  the  d e c r e a s e d  h e p a t i c  c a t a l a s e  a c t i v i t i e s .
GSH p e r o x i d a s e  and SOD a c t i v i t i e s :  The d e c r e a s e  i n  t h e  m i t o c h o n d r i a l  GSH
p e r o x i d a s e  a c t i v i t i e s ,  o b s e rv e d  f o r  mice  b e a r i n g  Lewis lung  c a r c i n o m a s ,  
was p r o b a b l y  t h e  f i r s t  r e p o r t  o f  a tumour h a v in g  a s y s t e m i c  e f f e c t  upon 
t h i s  enzyme. I n  p r e v i o u s  s t u d i e s  t h e  mean GSH p e r o x i d a s e  a c t i v i t i e s  o f  
h e p a t i c  homogenate  f rom mice ,  w i t h  Lewis lung c a r c in o m a s ,  were i n v a r i a b l y  
l e s s  t h a n  t h o s e  o f  t u m o u r - f r e e  c o n t r o l s ,  b u t  a s t a t i s t i c a l  s i g n i f i c a n c e
c o u ld  no t  be a c h i e v e d  (Cape l  and T h o r n le y ,  1982 ) .  The unchanged 
c y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  a n i m a l s ,  b e a r i n g  
Lewis lung  c a r c in o m a s ,  m ig h t  have  made t h e  lowered  a c t i v i t y  o f  t h e  m i t o ­
c h o n d r i a l  compartment  l e s s  d i s c e r n a b l e .  M i t o c h o n d r i a l  GSH p e r o x i d a s e  may 
have  been  i n h i b i t e d  o r  r e p r e s s e d  by s i m i l a r  f a c t o r s  to  t h o s e  d i s c u s s e d  
p r e v i o u s l y ,  c o n c e r n i n g  c a l a l a s e .  L i v e r  c e l l s ,  i s o l a t e d  from sa rcom a-  
b e a r i n g  m ic e ,  have be e n  r e p o r t e d  to  have  lower oxygen m e t a b o l i s m  than  
c o m p a r a t i v e  c e l l s  f rom t u m o u r - f r e e  mice ( T e r n e l l  e t  a l  1983 ) .  The 
d e p r e s s e d  h e p a t i c  m i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  o f  Lewis lung 
c a r c i n o m a - b e a r i n g  mice migh t  have  been  a r e s u l t  o f  a lowered  p r o d u c t i o n  
o f  r e a c t i v e  oxygen s p e c i e s  by h e p a t i c  m i t o c h o n d r i a .  The normal  l e v e l  o f  
MN-SOD i n  t h e  l i v e r s  o f  t h e s e  a n i m a l s ,  however ,  i n d i c a t e s  t h a t  the  
h e p a t i c  oxygen t e n s i o n  o f  t h e s e  an im a ls  was no t  d e p r e s s e d .  The p r e s e n t  
s t u d i e s  d id  no t  a g r e e  w i th  t h o s e  o f  o t h e r  i n v e s t i g a t i o n s ,  i n  which 
Cu/Zn-SOD and Mn-SOD a c t i v i t i e s  o f  the  l i v e r s  o f  t u m o u r - b e a r i n g  an im a ls  
were r e p o r t e d  to  be d e c r e a s e d  ( s e e  e a r l i e r ) .
Enzymes o f  GSH S y n t h e s i s
GSSG r e d u c t a s e :  S t u d i e s  o f  t r a n s p l a n t a b l e  m urine  tumour have  shown t h a t
18 ou t  o f  23 o f  t h e  tumour models  caused  i n c r e a s e d  h e p a t i c  GSSG r e d u c t a s e  
a c t i v i t i e s  i n  t h e  a n im a ls  b e a r i n g  them: one o f  t h e  18 tumours  was the  
Lewis lung  c a rc inom a ;  t u m o u r - b e a r i n g  r a t s  were a l s o  o b s e r v e d  to  have  
g r e a t e r  GSSG r e d u c t a s e  t h a n  c o n t r o l  a n im a ls  (Manso e t  a l , 1 9 5 8 ) .  P a r t i a l  
h e p a te c to m y  and p reg n a n c y  were obse rved  to  have  no e f f e c t  upon th e  
h e p a t i c  GSSG r e d u c t a s e  a c t i v i t i e s  o f  m ice ,  i n d i c a t i n g  t h a t  an i n c r e a s e d  
a c t i v i t y  o f  t h i s  enzyme was p r o b a b l y  s p e c i f i c  to  t h e  b e a r i n g  o f  a tumour 
(Manso e t  a l , 1958) .  I n  t h e  p r e s e n t  s t u d i e s ,  t h e  h e p a t i c  GSSG r e d u c t a s e
a c t i v i t y  o f  m ice ,  b e a r i n g  Lewis lung c a r c in o m a s ,  was s i g n i f i c a n t l y  
i n c r e a s e d ,  whereas  t h a t  o f  B16 m ela nom a -bea r ing  mice d id  n o t  d i f f e r  f rom 
c o n t r o l  v a l u e s .  The e f f e c t  upon l i v e r  GSSG r e d u c t a s e  a c t i v i t y  was t h u s
common to  many ty p es  o f  tumour,  a l t h o u g h  t h e r e  a r e  a few e x c e p t i o n s .
GSSG r e d u c t a s e  a c t i v i t i e s ,  o f  t h e  l i v e r s  o f  Lewis lung  c a r c in o m a -  
b e a r i n g  m ice ,  may have i n c r e a s e d  due to  d e c r e a s e s  i n  t h e  r a t i o s  o f  GSH to  
GSSG o r  NADP+ t o  NADPH ( E l s a y e d  e t  a l , 1982; s e e  f i g .  2 . 3 ) .  These  r a t i o s  
would d e c r e a s e  in  r e s p o n s e  to  a  d i m i n u t i o n  in  p e n t o s e  p h o s p h a t e  s h un t  
a c t i v i t y  o r  t o  o x i d a t i v e  s t r e s s  (Hosoda and Nakamura,  1970; E l s a y e d  ^ t  
a l , 1982) .  The i n c r e a s e  i n  GSSG r e d u c t a s e  a c t i v i t y  may have  c o r r e l a t e d  
w i t h  t h e  e l e v a t e d  h e p a t i c  GSH/GSSG r a t i o ,  r e p o r t e d  f o r  Lewis  lung 
c a r c i n o m a - b e a r i n g  mice (Cape l  and T h o r n l e y ,  1983 ) .
The GSSG r e d u c t a s e  a c t i v i t i e s ,  d e t e r m i n e d  f o r  n o n - n e o p l a s t i c  t i s s u e s  
o f  t u m o u r - b e a r i n g  m ice ,  p o s s i b l y  o n ly  r e p r e s e n t e d  t h e  c o n c e n t r a t i o n s  o f  
the  enzyme and no t  in  v i v o  a c t i v i t y .  The c a p a c i t y  t o  r e d u c e  GSSG i n  v i v o , 
m ig h t  have  be e n  l i m i t e d  by the  a v a i l a b i l i t y  o f  t h e  c o - f a c t o r s ,  FAD and 
NADPH. NADPH i s  s y n t h e s i z e d  v i a  t h e  p h o s p h o r y l a t i o n  of  NAD+ . Tumour-  
b e a r i n g  mice have  been  r e p o r t e d  to  have  r e l a t i v e l y  low h e p a t i c  NAD+ and 
NADH c o n c e n t r a t i o n s  (Smi th  and King ,  1970) .  The l i v e r s  o f  r a t s ,  b e a r i n g  
he pa tom as ,  have  been o b s e r v e d ,  however ,  to  have  unchanged  o r  e l e v a t e d  
NAD c o n c e n t r a t i o n s  ( N i s h i z u k a  and H a y a i s h i ,  1966) .
G lucose  6- p h o s p h a t e  d e h y d ro g e n a s e :  C y t o s o l i c  g l u c o s e  6- p h o s p h a t e
d e h y d ro g e n a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  r a t s  and m ice ,  
have  been  r e p o r t e d  to  be g r e a t e r  t h a n  t h o s e  o f  t u m o u r - f r e e  a n im a l s  (Wu 
and Homberger ,  1969; H e r z f e l d  and G r e e n g a r d ,  1972;  Lundholm e t  a l , 1983) .  
C ancer  p a t i e n t s  have been  shown to  have m a r g i n a l l y  i n c r e a s e d  h e p a t i c  
c y t o s o l i c  g l u c o s e  6- p h o s p h a t e  d e h y d ro g e n a s e  a c t i v i t i e s  ( H e r z f e l d  e t  a l ,
1980 ) .  These o b s e r v a t i o n s  c o n f l i c t  w i t h  t h o s e  o f  t h e  p r e s e n t  s t u d i e s ,  i n  
which m ice ,  b e a r i n g  Lewis lung  c a rc in o m a s ,  had lower  a c t i v i t i e s  th a n  
c o n t r o l  mice .  As s o l u b l e  g l u c o s e  6- p h o s p h a t e  d e h y d ro g e n a s e  i s  t h e  r a t e -  
l i m i t i n g  enzyme o f  the  p e n t o s e  p h o s p h a te  s h u n t ,  the  a c t i v i t y  o f  t h i s  
pa thway ,  i n  t h e  l i v e r s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  was p o s s i b l y
impaired. The increased GSSG reductase activities of the livers of these
a n im a ls  migh t  have  be e n  a  b i o c h e m i c a l  r e s p o n s e  t o  s t i m u l a t e  t h e  p e n to s e
p h o s p h a te  pa thway by p r o v i d i n g  f u r t h e r  NADPH.
G am m a -g lu t a m y lc y s t e in e  s y n t h e t a s e :  The ' y - g l u t a m y l c y s t e i n e  s y n t h e t a s e
a c t i v i t i e s  o f  t h e  l i v e r s  o f  Lewis  lung c a r c i n o m a - b e a r i n g  mice  v a r i e d  
a c c o r d i n g  to  t h e  d u r a t i o n  i n  which the  tumour had b e e n  b o r n e .  I n  p r e ­
l i m i n a r y  s t u d i e s  (Cape l  and T h o r n l e y ,  1983) ,  t h e  h e p a t i c  GSH concen­
t r a t i o n s  o f  m ice ,  b e a r i n g  Lewis lung  c a rc in o m a s ,  was o b s e rv e d  to  be
g e n e r a l l y  l e s s  t h a n  t h a t  o f  c o n t r o l  an im a ls  a t  5 to  11 d a y s ,  and to  be
s i g n i f i c a n t l y  i n c r e a s e d  a t  15 days p o s t  i m p l a n t a t i o n .  The p r e s e n t  s t u d i e s  
i n d i c a t e d  t h a t  ' y - g l u t a m y l  c y s t e i n e  s y n t h e t a s e  a c t i v i t y  m igh t  have  been  
th e  m a jo r  d e t e r m i n a n t  o f  t h e  v a r i a b l e  h e p a t i c  GSH i n  m ic e ,  b e a r i n g  Lewis 
lung  c a r c in o m a s .  I t  would be a p p r o p r i a t e  to  u n d e r t a k e  a s t u d y  i n  which 
th e  h e p a t i c  GSH c o n c e n t r a t i o n s  were d e t e r m i n e d  c o n c o m i t a n t l y  w i th  
'y -g lu t a m y l c y s  t e i n e  s y n t h e t a s e  and GSSG r e d u c t a s e  a c t i v i t i e s  to  a c e r t a i n  
t h e  r e l a t i o n  be tw een  GSH s y n t h e s i s  and GSH c o n c e n t r a t i o n  i n  tumour -  
b e a r i n g  mice .
Enzymes o f  GSH D e g r a d a t i o n
Gamma-glut  amyl t r a n s p e p t i d a s e :  H e p a t i c  ' y - g l u t a m y l  t r a n s p e p t i d a s e
a c t i v i t i e s  o f  c a n c e r  p a t i e n t s  ( H e r z f e l d  e t  a l , 1980)  and t u m o u r - b e a r i n g  
r a t s  (Koss and G r e e n g a r d ,  1982)  have  been  r e p o r t e d  to  be g r e a t e r  t h a n  
t h o s e  o f  t u m o u r - f r e e  c o n t r o l s .  The ' y - g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t i e s  
o f  s e v e r a l  n o n - n e o p l a s t i c  t i s s u e s ,  such as  s p l e e n ,  l i v e r ,  lung  and bone 
marrow,  f rom t u m o u r - b e a r i n g  r a t s  have  been  o b s e rv e d  to  be s u b s t a n t i a l l y  
g r e a t e r  t h a n  t h o s e  o f  c o m p a r a t i v e  t i s s u e s  i n  t u m o u r - f r e e  r a t s  (Koss and 
G r e e n g a r d ,  1982) .  Th is  i n d i c a t e d  t h a t  ' y - g lu t a m y l  t r a n s p e p t i d a s e  o f  many
t y p e s  o f  t i s s u e  i n  t h e  t u m o u r - b e a r i n g  h o s t ,  may r e s p o n d  to  t h e  p r e s e n c e  
o f  n e o p l a s t i c  c e l l s .  The above i n v e s t i g a t i o n s  s u p p o r t e d  t h e  o b s e r v a t i o n s  
o f  the  p r e s e n t  s t u d i e s ,  i n  which h e p a t i c  ' y - g l u t a m y l  t r a n s p e p t i d a s e
a c t i v i t i e s  o f  B16 m ela n o m a -b ea r in g  m ice ,  and pulmonary  and h e p a t i c  
a c t i v i t i e s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  mice were a l l  g r e a t e r  t han  
c o n t r o l  v a l u e s .  An i n c r e a s e d  h e p a t i c  y g l u t a m y l  t r a h s p e p t i d a s e  a c t i v i t y ,  
i n  t u m o u r - b e a r i n g  a n i m a l s ,  has  n o t  been  a u n i v e r s a l  f i n d i n g ,  as  the  
a c t i v i t y  o f  r a t s ,  b e a r i n g  M o r r i s  o r  N o v ik o f f  he pa tom as ,  has  been  r e p o r t e d  
no t  to  be u n p e r t u r b e d  and t h a t  o f  r a t s ,  b e a r i n g  Walker  256 c a r c in o m a s ,  
was d e c r e a s e d  be low c o n t r o l  v a l u e s  (Wu and Bauer ,  1960;  Wu e t  a l , 1965) .  
As Lewis lung  ca rc in om a t i s s u e  was o b s e rv e d  to  have  r e l a t i v e l y  low 
y g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y  (C h a p te r  2 ) ,  t h e  i n c r e a s e d  pulmonary  
a c t i v i t y  o f  m ice ,  b e a r i n g  Lewis lung  c a rc in o m a s ,  was p r o b a b l y  n o t  due to  
m e t a s t a t i c  c e l l s  p e r  s e .
The a l t e r a t i o n  i n  y g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y  o f  m ice ,  
b e a r i n g  Lewis lung c a r c in o m a s ,  was o b s e rv e d  to p r e p o n d e r a t e  to  t h e  m i t o ­
c h o n d r i a l  f r a c t i o n s  o f  l i v e r  and lu ng .  There t hus  m igh t  have  be e n  an 
i n c r e a s e  i n  t h e  t r a n s l o c a t i o n  o f  amino a c i d s  o r  g l u t a m a t e  a c r o s s  the  
m i t o c h o n d r i a l ,  o r  p o s s i b l y  t h e  p e ro x i s o m a l  o r  l y s o s o m a l ,  membranes o f  the  
l i v e r  and lungs  o f  Lewis lung c a r c i n o m a - b e a r i n g  m ice .  An i n c r e a s e d  m i t o ­
c h o n d r i a l  - g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y  m igh t  have  c aused  a d e c r e a s e  
i n  m i t o c h o n d r i a l  g l u t a t h i o n e  c o n c e n t r a t i o n s .
The g l u t a m i n e  s y n t h e t a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  
r a t s ,  have  been  r e p o r t e d  to  be l e s s  than  t h a t  o f  c o n t r o l  a n im a l s  (Wu e t^ 
a l , 1965) .  y G l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y ,  i n  normal  t i s s u e s  o f  
t u m o u r - b e a r i n g  m ice ,  was p o s s i b l y  i n c r e a s e d  to  s u p p ly  g l u t a m a t e ,  which 
cou ld  t h e n  be used  to  s y n t h e s i z e  g l u t a m i n e ,  v i a  a t r a n s a m i n a t i o n  
r e a c t i o n .
GSH S - e p o x id e  t r a n s f e r a s e :  The i n c r e a s e d  GSH S - e p o x id e  t r a n s f e r a s e
a c t i v i t y  o f  the  l i v e r s  o f  m ice ,  b e a r i n g  Lewis lung  c a r c i n o m a s ,  was 
p o s s i b l y  the  f i r s t  o b s e r v a t i o n  o f  a neoplasm h a v in g  a s y s t e m i c  e f f e c t  
upon t h i s  s p e c i e s  o f  G S H - t r a n s f e r a s e .  The h e p a t i c  GSH-S t r a n s f e r a s e
a c t i v i t y  o f  r a t s ,  b e a r i n g  b e n z o [ a ] p y r e n e - i n d u c e d  lu n g  tum ours ,  has  been 
o b s e rv e d  to  be  d e c r e a s e d  (Dogra e t  a l , 1985) .  The GSH S - a r y l  t r a n s f e r a s e  
a c t i v i t y  o f  n o n - n e o p l a s t i c  h e p a t i c  t i s s u e ,  removed p os t  mortem from
p a t i e n t s  whose c a n c e r s  had d i s s e m i n a t e d  to  t h e  l i v e r ,  h a s  b e e n  r e p o r t e d  
to  be l e s s  t h a n  t h a t  o f  n o n - c a n c e r  p a t i e n t s  ( S i e g e r s  and Younes,  1983) .  
The a c t i v i t i e s  o f  GSH S - t r a n s f e r a s e  i soenzym es ,  m ig h t  t h u s  have  been 
a f f e c t e d  d i f f e r e n t l y  by the  t r a n s p l a n t a t i o n  o f  a Lewis  lung  ca rc inom a .
F u t u r e  s t u d i e s  o f  G S H - t r a n s f e r a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  tumour-  
b e a r i n g  mice s h o u ld  t h e r e f o r e  i n c l u d e  p r o c e d u r e s  to  d i f f e r e n t i a t e  the  
v a r i o u s  s p e c i e s  o f  t h e  enzyme ( C h a p te r  2 ) .
The p r e s e n t  s t u d i e s  i n d i c a t e d  t h a t  d i s t u r b e d  h e p a t i c  m e t a b o l i s m  in  
L e w is - lu n g  c a r c i n o m a - b e a r i n g  m ice ,  might  have  c a u s e d  the  e x c e s s i v e  
p r o d u c t i o n  o f  e p o x i d e - l i k e  e l e c t r o p h i l e s . L i p i d  e p o x i d e s  a r e  a major  
p r o d u c t  o f  l i p i d  p e r o x i d a t i o n  (S e v a n ia n  e t  a l , 1 9 8 1 ) .  The i n c r e a s e d  
h e p a t i c  GSH S - e p o x id e  t r a n s f e r a s e  a c t i v i t y  o f  t u m o u r - b e a r i n g  mice
p o s s i b l y  r e f l e c t e d  an e l e v a t e d  d e g r e e  o f  a u t o x i d a t i o n  i n  t h e  l i v e r s  o f  
t h e s e  a n im a ls  ( C h a p te r  4 ) .  The r a i s e d  GSH S - e p o x id e  t r a n s f e r a s e  a c t i v i t y  
migh t  have  c o n t r i b u t e d  to  the  d e c r e a s e d  h e p a t i c  GSH c o n c e n t r a t i o n s  o f  
Lewis lung c a rc im o r a a - b e a r in g  mice ,  as  bo th  t h e s e  p a r a m e t e r s  were  o b se rve d  
to  be a l t e r e d ,  c o m p a r a t i v e l y  soon a f t e r  tumour i m p l a n t a t i o n .
P e r t u r b a t i o n s  o f  t h e  Blood o f  T um our-bear ing  Mice
The p r e s e n t  s t u d i e s  a g re e d  w i th  a r e p o r t  t h a t  b lo o d  GSH concen­
t r a t i o n s  o f  t u m o u r - b e a r i n g  a n im a ls  were g r e a t e r  t h a n  t h o s e  o f  h e a l t h y  
c o n t r o l s  ( M i l l s  e t  a l , 1981) .  The i n c r e a s e d  GSSG r e d u c t a s e  and
y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  a c t i v i t i e s ,  and d e c r e a s e d  GSH p e r o x i d a s e
a c t i v i t y  o f  t h e  e r y t h r o c y t e s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  might
h ave  caused  th e  i n c r e a s e d  GSH c o n c e n t r a t i o n  and GSH t o  GSSG r a t i o .  I n  
s t u d i e s  o f  c a n c e r  p a t i e n t s ,  e r y t h r o c y t e  c a t a l a s e  and GSH p e r o x i d a s e
a c t i v i t i e s  were found to  be no rm a l ;  e r y t h r o c y t e  SOD i n  p a t i e n t s  w i th
le uka e m ia  o r  l y m p h o p r o l i f e r a t i v e  syndromes,  b u t  n o t  v i s c e r a l  c a n c e r  were,  
however ,  o b s e rv e d  to  be r a i s e d  (Gonza le s  e t  a l , 198 4 ) ;  changes  i n  r ed  
b lood  c e l l  a n t i o x i d a n t  d e f e n c e  i s  no t  t h e r e f o r e  g e n e r a l  to a l l  c a n c e r s .
The anaemia o f  B16 m ela nom a -bea r ing  and Lewis lung c a rc in o m a -  
b e a r i n g  m ice ,  may have  been  c a use d  by e x c e s s i v e  d e s t r u c t i o n  o f  r e d  c e l l s  
( P r i c e  and G r e e n f i e l d ,  1958;  C o s t a ,  1977) .  E r y t h r o c y t e  GSSG r e d u c t a s e  
a c t i v i t y  and GSH c o n c e n t r a t i o n  have been  r e p o r t e d  to  d e c r e a s e  w i th  
i n c r e a s i n g  red  c e l l  age (Abraham e t  a l , 1978;  Powers e t  a l , 1981;  V a n e l l a
e t  a l , 1982) .  The r a i s e d  GSH c o n c e n t r a t i o n s  and GSSG r e d u c t a s e  a c t i v i t y  
t h u s  m igh t  have r e s u l t e d  from a p r o p o r t i o n a t e l y  younger  . e r y t h r o c y t e  
p o p u l a t i o n  than  t h a t  o f  t u m o u r - f r e e  a n im a l s .
E r y t h r o c y t e  SOD a c t i v i t y ,  which was i n c r e a s e d  i n  Lewis  lung
c a r c i n o m a - b e a r i n g  mice (Capel  and T h o r n l e y ,  1982) and in  B16 melanoma-
b e a r i n g  mice ( t h e s e  s t u d i e s ) ,  does n o t ,  however ,  v a r y  w i th  r e d  c e l l  age 
(M iche lson  e t  a l , 1977; V a n e l l a  e t  a l , 1982) .  G l u t a t h i o n e  i s  c o n s i d e r e d  
to  be a m ajo r  d e t e r m i n a n t  o f  t h e  s u s c e p t i b i l i t y  o f  e r y t h r o c y t e s  to  o x i d ­
a t i v e  damage ( F u j i  e t  a l , 1984) .  The e r y t h r o c y t e s  o f  t u m o u r - b e a r i n g  m ice ,  
migh t  thus  have been s u r v i v o r s  o f  o x i d a t i v e  s t r e s s ,  h a v in g  b e e n  s e l e c t e d  
ou t  o r  a d a p te d  to  the  s t r e s s  by means o f  i n c r e a s e d  a n t i o x i d a n t  d e f e n c e  
c a p a b i l i t y .  The b lood  c o n c e n t r a t i o n s  o f  r e a c t i v e  oxygen s p e c i e s  may have  
been  i n c r e a s e d ,  f o r  example due to  oxyhaemoglobin  breakdown ( M is ra  and 
F r i d o v i c h ,  1972) ,  o r  by d i r e c t  g e n e r a t i o n  from a c t i v a t e d  i n f l a m m a t o r y
c e l l s  (Na than  e t  a l , 1980;  Weiss and L o b u g l io ,  1982) .
Mice,  b e a r i n g  Lewis lung c a rc inom as  were more anaemic t h a n  m ic e ,  
b e a r i n g  B16 melanomas,  o f  e q u i v a l e n t  mass .  The h y p o t h e t i c a l  o x i d a t i v e  
d e s t r u c t i o n  o f  e r y t h r o c y t e s  m igh t  thus  have  been  g r e a t e r  i n  Lewis  lung  
c a r c i n o m a - b e a r i n g  mice t han  t h o s e  b e a r i n g  B16 melanomas.  The lu n g s  o f  
c a r c i n o m a - b e a r i n g  mice had c o n s p i c i o u s  m e t a s t a t i c  f o c i ,  w h e re as  t h e  
i n c i d e n c e  o f  m e t a s t a t i c  d e p o s i t s  in  a n i m a l s ,  b e a r i n g  i /m  - i m p l a n t e d  B16
melanomas,  has  been  r e p o r t e d  to  be r e l a t i v e l y  low (Weiss  e t  a l , 1982) .  
B lo o d - b o rn e  tumour c e l l s ,  d i s s e m i n a t e d  from the  p r im a ry  tumour,  migh t  
t h u s  have  been  t h e  t r i g g e r  f o r  t h e  d e s t r u c t i o n  o f  e r y t h r o c y t e s .
Plasma c a e r u l o p l a s m i n  o x i d a s e :  a c t i v i t i e s  o f  C57BL mice  were o n l y  a b o u t  a 
t e n t h  o f  t h e  a c t i v i t i e s ,  r e p o r t e d  f o r  r a t  o r  human p lasma ( S c h o s i n s k y  e t  
a l , 1 9 74 ) ,  im p ly ing  t h a t  m ur ine  c a e r u l o p l a s m i n  has  no s i g n i f i c a n t  r o l e  as
an oxygen r a d i c a l  s c a v e n g e r .  The c a e r u l o p l a s m i n  o f  C57BL mice  h a s ,
however ,  be e n  r e p o r t e d  t o  be l e s s  than  t h a t  o f  most  o t h e r  s t r a i n s  o f  mice
(Mete r  and MacPike,  1968) .  The c a e r u l o p l a s m i n  o f  mice  p r o b a b l y  m a in ly
f u n c t i o n s  as  a c a r r i e r  o f  plasma c o p p e r ,  a l t h o u g h  i t  m ig h t  h e l p  to
p r e v e n t  a u t o x i d a t i o n  by a i d i n g  th e  b i n d i n g  o f  i r o n  t o  i t s  c a r r i e r  
p r o t e i n s  ( H a l l i w e l l  and G u t t e r i d g e ,  1985;  C h a p te r  1 ) .  The p lasma i r o n  
c o n c e n t r a t i o n s  o f  c a n c e r  p a t i e n t s  i s  g e n e r a l l y  d e c r e a s e d ,  a l t h o u g h  t h e r e  
a r e  e x c e p t i o n s ,  such as  l e u k a e m ia ,  b r e a s t  c a n c e r  and H o d g k i n ' s  d i s e a s e ,  
i n  which plasma i r o n  c o n c e n t r a t i o n s  a r e  i n c r e a s e d  ( W h i t ing  e t  a l , 1981) .  
The p lasma c oppe r  c o n c e n t r a t i o n s  o f  c a n c e r  p a t i e n t s  and t u m o u r - b e a r i n g
a n im a ls  have  been  o b s e rv e d  to  be i n c r e a s e d  ( F i s h e r  and S h i f r i n e ,  1978;
P i z z o l o  e t  a l , 1978;  R o g u l j i c  e t  a l , 1980) .  The r a i s e d  p lasm a  c a e r u l o ­
p l a s m in  o x i d a s e  a c t i v i t i e s  o f  B16 m e la n o m a -b ea r in g  m ic e ,  p r o b a b l y
r e l e c t e d  an e l e v a t i o n  in  serum c o p p e r ,  o r  p o s s i b l y  i r o n ,  i n  t h e s e  
a n i m a l s .
Comparison o f  t h e  Sy s t em ic  E f f e c t s  o f  B16 Melanomas With Those  o f  Lewis  
Lung C arc in om as .
Most o f  the  b i o c h e m i c a l  p e r t u r b a t i o n s ,  o b s e rv e d  f o r  no rm al  t i s s u e s
from B16 m e la n o m a -b ea r in g  m ic e ,  were common to  m ice ,  b e a r i n g  Lewis  lung
c a r c in o m a s .  The o n ly  d i f f e r e n c e s  be tw een  t h e  s y s t e m ic  e f f e c t s  o f  t h e  two
m urine  tumour m ode l s ,  as d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s ,  w ere  the  
i n c r e a s e d  h e p a t i c  GSSG r e d u c t a s e  a c t i v i t y  o f  Lewis lung  c a r c i n o m a - b e a r i n g  
mice ( u n a l t e r e d  i n  B16 m ela nom a -bea r ing  m ice )  and t h e  i n c r e a s e d  e r y t h r o ­
c y t e  GSH p e r o x i d a s e  a c t i v i t y  o f  B16 m ela nom a -bea r ing  mice ( d e c r e a s e d  i n  
Lewis lung c a r c i n o m a - b e a r i n g  m i c e ) .  These d i f f e r e n c e s  m igh t  have  be e n  
a t t r i b u t a b l e  to  t h e  c o n s i d e r a b l y  g r e a t e r  a b i l i t y  o f  t h e  Lewis  lung  
ca rc inom a  to  m e t a s t a s i z e ,  as  d i s c u s s e d  p r e v i o u s l y .  Most o f  t h e  f a c t o r s ,  
c a u s i n g  the  p e r t u r b a t i o n s  o f  normal  t i s s u e s  ■of  t u m o u r - b e a r i n g  m ic e ,  were 
p r o b a b l y  g e n e r a l  to  mice  b e a r i n g  e i t h e r  type  o f  tumour.  The b i o c h e m i c a l  
changes  i n  t h e  n o n - n e o p l a s t i c  t i s s u e s  o f  t u m o u r - b e a r i n g  mice  were 
p o s s i b l y  caused  by one o r  more f a c e t s  o f  n e o p l a s t i c  d i s e a s e ,  which may 
have  i n c l u d e d  s t r e s s  ( S k l a r ,  1981) ,  the  immune r e a c t i o n  o f  t h e  h o s t ,  
changes in  n u t r i t i o n a l  s t a t u s  o f  t h e  h o s t ,  and the  p r o d u c t i o n  o f  c h e m ic a l  
m o d u la to r s  by th e  tumour (G reenga rd  and C a y a n i s ,  1983) .  These  p o s s i ­
b i l i t i e s  w i l l  be g i v e n  more d e t a i l e d  c o n s i d e r a t i o n  i n  C h a p t e r s  5 and 6 .
A n t i c a n c e r  Therapy
Lewis lung  c a rc in o m a s ,  i m p l a n t e d  i n t o  mice ,  have  been  r e p o r t e d  to  be
c o m p a r a t i v e l y  i n s e n s i t i v e  to  most  a n t i c a n c e r  d rugs  (Mayo, 1 9 72 ) .  A c t i v e
oxygen s p e c i e s  have been  i m p l i c a t e d  to  be • i n v o lv e d  in  t h e  c y t o t o x i c
actions of many clinically-useful anticancer drugs (Doroshow and
Hochstein, 1982; Lown et al, 1982; McGuiness et al , 1982; Arrick and
Nathan ,  1984) .  The t o x i c i t y  o f  c h e m o t h e r a p e u t i c  a g e n t s  to  n o n - n e o p l a s t i c
t i s s u e s  o f t e n  l i m i t s  t h e  u s e  o f  t h e s e  d rugs  i n  d ose s  s u f f i c i e n t l y  l a r g e
to  be c u r a t i v e  ( P e r r y  and Y a r b ro ,  1984) .  Sys tem ic  t h e r a p y  w i t h  a n t i c a n c e r
d rugs  to  mice b e a r i n g  Lewis lung  ca rc inom as  might  be f u r t h e r  l i m i t e d  due
to  e x a c e r b a t i o n  o f  a u t o x i d a t i v e  i n j u r i e s ,  a l r e a d y  p r e s e n t  i n  h o s t
♦
t i s s u e s .  The e f f e c t s  o f  Lewis lung  ca rc in om a upon n o n - n e o p l a s t i c  t i s s u e s  
c o u ld  p o s s i b l y  d e c r e a s e  t h e  e f f i c a c y  o f  c h e m o t h e r a p e u t i c  r e g im e n s  t h a t  
g e n e r a t e  r e a c t i v e  oxygen m e t a b o l i t e s  and migh t  c o n t r i b u t e  to  t h e  compar­
a t i v e  i n s e n s i t i v i t y  o f  t h e  tumour to  s y s te m ic  t h e r a p y  by many a n t i c a n c e r  
d r u g s .
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INTRODUCTION
P r e v i o u s  s t u d i e s  (Cape l  and T h o rn le y  1982; Capel  and T h o r n le y ,  
1983)  and i n v e s t i g a t i o n s ,  d e s c r i b e d  e a r l i e r  i n  t h i s  t h e s i s  (C h a p te r  2) 
have shown t h a t  homogenates  and m ic rosom al  f r a c t i o n s  o f  Lewis lung 
c a rc in o m a ,  c o n t a i n  s u b s t a n t i a l  c o n c e n t r a t i o n s  o f  s u b s t a n c e s  t h a t  r e a c t  
w i th  TBA. The l i v e r s  o f  m ice ,  b e a r i n g  Lewis lung  c a r c i n o m a s ,  were a l s o  
o bse rve d  to  have  s i g n i f i c a n t l y  i n c r e a s e d  c o n c e n t r a t i o n s  o f  T B A -re a c t iv e  
m a t e r i a l  (Cape l  and T h o r n l e y ,  1982;  Cape l  and T h o r n l e y ,  1 9 8 3 ) .  A s i m i l a r  
o b s e r v a t i o n  was a l s o  d e t e r m i n e d ,  i n  t h e  p r e s e n t  s t u d i e s  f o r  t h e  l i v e r s  o f  
m ice ,  b e a r i n g  B16 melanomas ( C h a p te r  3 ) .  These T B A - r e a c t i v e  s u b s t a n c e s  
had f l u o r e s c e n c e  s p e c t r a ,  c h a r a c t e r i s t i c  o f  the  TB A-malond ia ldehyde  
a d d u c t .
E x p e r i m e n t a l  R a t i o n a l e
The p ronounced  r e a c t i v i t y  o f  Lewis lung c a rc in o m a  t i s s u e  w i t h  TBA, 
and th e  i n c r e a s e d  h e p a t i c  T B A -re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  tumour-  
b e a r i n g  m ic e ,  may s i g n i f y  an a p p r e c i a b l e  d e g re e  o f  l i p i d  p e r o x i d a t i o n  i n  
v i v o . The T B A - re a c t i v e  s u b s t a n c e s ,  d e t e r m i n e d  f o r  t i s s u e s  o f  tumour-  
b e a r i n g  m ice ,  m ig h t ,  however ,  have been  p roduced  d u r i n g  s t o r a g e  o r  p r o c ­
e s s i n g  o f  t h e s e  t i s s u e s ,  p r i o r  to  a s s a y  f o r  l i p o p e r o x i d e s  (Mead, 1976) .  
The components  n e c e s s a r y  f o r  l i p i d  p e r o x i d a t i o n ,  t h a t  i s  PUFA, i r o n  
( p a r t i c u l a r l y  i n  t h e  membranous f r a c t i o n ) ,  and s o l u b l e  p r o - o x i d a n t s ,  such 
as  GSH o r  a s c o r b a t e ,  were p r o b a b l y  p r e s e n t  in  t h e  r e a c t i o n  m i x t u r e s ,  used  
in  t h e  TBA t e s t s  o f  t h e  above s t u d i e s  (B a rb e r  and Bernhe im ,  1967 ) .  The 
a e r o b i c  i n c u b a t i o n  o f  hom ogena tes ,  d u r i n g  the  TBA t e s t s  m igh t  t h u s  have 
promoted f u r t h e r  l i p i d  p e r o x i d a t i o n .  The c o n c e n t r a t i o n s  o f  m alon-  
d i a l d e h y d e - l i k e  s u b s t a n c e s ,  d e te r m in e d  f o r  t h e  t i s s u e s  o f  t u m o u r - b e a r i n g
mice  may have  been  o v e r - e s t i m a t e d .
The p u r p o s e  o f  t h e  i n v e s t i g a t i o n s ,  d e s c r i b e d  i n  t h e  f o l l o w i n g  
c h a p t e r  was to  c h a r a c t e r i z e  t h e  T B A - r e a c t a n t s , d e t e r m i n e d  f o r  h e p a t i c  and 
tumour t i s s u e  o f  Lewis lung  c a r c i n o m a - b e a r i n g  m ice .  The TBA t e s t  has  a 
number o f  l i m i t a t i o n s  ( S l a t e r ,  1984) .  I t  was t hus  f i r s t  n e c e s s a r y  to  
s c r u t i n i z e  the  p r o c e d u r e s ,  u sed  in  t h e  p r e s e n t  s t u d i e s ,  to  d e t e r m i n e  
w h e th e r  t h e  r e s u l t s ,  o b t a i n e d  w i th  t h e s e  p r o c e d u r e s ,  had any b i o l o g i c a l  
meaning.
The TBA-using method has  been  r o u t i n e l y  a p p l i e d ,  i n  i n v e s t i g a t i o n s  
o f  a u t o x i d a t i o n  i n  an im al  t i s s u e s ,  by c o l l e a g u e s  a t  t h e  M a r ie  C u r i e  
Memorial  F o u n d a t io n  R e s e a rc h  I n s t i t u t e ,  and i n  the  Depa r tm en t  o f  
B i o c h e m i s t r y  a t  the  U n i v e r s i t y  o f  S u r r e y .  The method,  o r i g i n a l l y  a d o p te d ,  
was a d a p te d  from an a s s a y  d e s ig n e d  to  q u a n t i f y  l i p i d  p e r o x i d a t i o n  in  
p lasm a ,  u s i n g  d i l u t e  s u l p h u r i c  a c i d  as  t h e  a c i d  medium ( S a t o h ,  1978) .  
Th is  p r o c e d u r e  used on ly  t h e  p e l l e t  f rom serum o r  p lasm a ,  p r e c i p i t a t e d  
w i th  TCA, b e c a u s e  the  a c i d - s o l u b l e  components  in  t h e  s u p e r n a t a n t  i n c l u d e  
s i a l i c  a c i d  r e s i d u e s ,  a s o u r c e  o f  i n t e r f e r e n c e  i n  t h e  TBA method ( S a to h ,  
1978) .  As n e o p l a s t i c  t i s s u e s  have been  r e p o r t e d  to  have  a b e r r a n t  metab­
o l i s m ,  t h e y  co u ld  p o s s i b l y  c o n t a i n  a c o n s i d e r a b l e  number o f  a c i d - s o l u b l e  
s u b s t a n c e s ,  such as  s i a l i c  a c i d ,  t h a t  m igh t  i n t e r f e r e  w i t h  t h e  TBA 
r e a c t i o n .  Th is  p r o c e d u r e  was t h e r e f o r e  employed i n  p r e l i m i n a r y  s t u d i e s  o f  
l i p i d  p e r o x i d a t i o n  i n  mice b e a r i n g  Lewis lung  c a rc inom a s  (C a p e l  and 
T h o r n l e y ,  1982; Cape l  and T h o r n l e y ,  1983) .
The TBA-test, using I^SO^, had reliably shown qualitative diff­
erences between tissues from different experimental groups of animals. 
The TBA-reactive material concentrations, determined by this procedure 
were, however, quantitatively inconsistent and had comparatively large 
standard errors. Much of the error, observed with this TBA-test, may have 
been caused by the loss of substrate during the precipitation and washing
o f  t h e  t i s s u e  p e l l e t ,  a f t e r  a d d i t i o n  o f  p r o t e i n  p r e c i p i t a n t ;  i t  ha s  been
r e p o r t e d  t h a t  t h e  removal  o f  t h e  a c i d - s o l u b l e  components  o f  t i s s u e s ,
p r i o r  to  t h e  T B A - r e a c t i o n ,  i s  no t  n e c e s s a r y  (Uchiyama and M ih a r a ,  1978) .  
I n  t h e  s t u d i e s ,  d e s c r i b e d  in  t h e  p r e s e n t  c h a p t e r ,  t h e r e f o r e ,  t i s s u e s  were 
n o t  t r e a t e d  w i t h  p r o t e i n  p r e c i p i t a n t  (TCA).
C o l l a b o r a t i v e  s t u d i e s :  The pH o f  the  r e a c t i o n  m i x t u r e  i n  t h e  TBA-te s t
has  been  r e p o r t e d  to  be a  c r i t i c a l  f a c t o r  g o v e r n i n g  t h e  breakdown o f  the  
t i s s u e  p r e c u r s o r s  o f  m a lo n d ia ld e h y d e  (Ohkawa e t  a l , 1978;  B i rd  and 
D r a p e r ,  1984 ) .  An a p p l i c a t i o n  o f  t h e  TBA method ,  wh ich employs a b u f f e r  
sys tem ,  m igh t  be more s a t i s f a c t o r y  than  sys tem s  u s i n g  i n o r g a n i c  a c i d  
b e c a u s e  t h e  pH o f  t h e  r e a c t i o n  c o u ld  be h e l d  a t  i t s  opt imum l e v e l .  The 
optimum pH o f  t h e  r e a c t i o n  to  d e t e r m i n e  T B A - r e a c t i v i t y  o f  a n im a l  t i s s u e s  
has  been  v a r i a b l y  r e p o r t e d  to  be 2 .0  (Uchiyama and M ih a r a ,  1 9 78 ) ,  2 to  3
(B i rd  and D r a p e r ,  1984 ) ,  and 3 . 5  (Ohkawa e t  a l , 1979) .
A c o l l a b o r a t i v e  s t u d y  w i t h  a co -w orke r  a t  t h e  M ar ie  C u r i e  Memoria l
F o u n d a t io n  (Smallwood,  1983) ,  was i n i t i a t e d  t o  compare t h e  above a p p l i c ­
a t i o n  o f  t h e  TBA t e s t  w i t h  a r e c e n t l y  r e p o r t e d  method t h a t  u s e d  0 .1  M 
p h t h a l a t e  b u f f e r ,  pH 3 . 5  as  the  a c i d i f y i n g  r e a g e n t  ( G u t t e r i d g e ,  1982a ) .  
These s t u d i e s  showed t h a t  the  i n c u b a t i o n  t i m e s ,  u sed  i n  t h e  T B A - re a c t i o n  
p r o c e d u r e s  ( s e e  E x p e r i m e n t a l )  were a p p r o p r i a t e ,  and t h a t  t h e  pH o f  3 .5  
produced  th e  optimum T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n  from murine  
l i v e r  (Smallwood,  1983 ) .  The T B A - r e a c t i v i t y  o f  m u r in e  l i v e r  was o b s e rv e d  
to  be a f f e c t e d  by th e  manner o f  h o m o g e n i s a t i o n  and s t o r a g e  o f  t h e  t i s s u e
horaogenate  (Smallwood,  1983) .  The i n c l u s i o n  o f  whole b lo o d  (50 o r  100 p i )
- 4  —6o r  a s c o r b a t e  (10 t o  10 M) i n  the  r e a c t i o n  m i x t u r e  was o b s e r v e d  to
i n h i b i t  t h e  c o n c e n t r a t i o n  o f  T B A -re a c ta n t  d e t e c t e d ,  by a p p r o x i m a t e l y  50%
—A ~3(Smallwood,  1983) .  A s c o r b a t e ,  a t  h i g h e r  c o n c e n t r a t i o n s  (10 t o  10 M), 
however ,  i n h i b i t e d  t h e  r e a c t i o n  be tw een  m a l o n d ia l d e h y d e  s t a n d a r d  (1 
nmole)  and TBA by a bou t  40% (Smallwood,  1983) .
I n  t h e  c o l l a b o r a t i v e  s t u d i e s ,  the  T B A - re a c t iv e  m a t e r i a l  concen­
t r a t i o n s  o f  l i v e r  and tumour t i s s u e ,  f rom mice b e a r i n g  Lewis  lung 
c a rc inom a s  (15-20  d a ys )  and from t u m o u r - f r e e  c o n t r o l s ,  were e s t i m a t e d  
b o t h  u s i n g  t h e  I^SO^-  method and t h e  p h t h a l a t e  b u f f e r - c e n t r e d  method.  
F r e e  m a l o n d ia l d e h y d e  c o n c e n t r a t i o n s  in  t h e  same t i s s u e s  was a l s o  
d e t e r m i n e d ,  u s i n g  an HPLC s e p a r a t i v e  t e c h n i q u e  ( E s t e r b a u e r  e t  a l , 1984) ,  
f o r  c om pa r i son  w i t h  t h e  l e v e l s  o f  m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s ,  
a s c e r t a i n e d  by th e  T B A - te s t s .  As t h e  r e s u l t s  o f  t h e s e  s t u d i e s  were o f  
r e l e v a n c e  to  the  p r e s e n t  i n v e s t i g a t i o n s ,  t h e y  have  been  i n c l u d e d  i n  t h e  
p r e s e n t  c h a p t e r  ( t a b l e s  4 .1  -  4 . 3 ) .
F u r t h e r  e x p e r i m e n t s :  The r e p o r t e d  e f f e c t  o f  b lood  o r  a s c o r b a t e  upon t h e
TBA r e a c t i o n  co u ld  have been  caused  by the  p o s s i b l e  i n h i b i t i o n  o f  f u r t h e r  
l i p i d  p e r o x i d a t i o n ,  promoted  by t h e  c o n d i t i o n s  o f  the  r e a c t i o n  i t s e l f .  
The p r e s e n t  s t u d i e s  thus  i n v e s t i g a t e d  the  e f f e c t  o f  i n c l u d i n g  an a n t i ­
o x i d a n t  o r  i r o n - c h e l a t o r  i n  the  r e a c t i o n  m i x t u r e s ,  t o  i n h i b i t  any l i p i d  
p e r o x i d a t i o n .  P r e v i o u s  s t u d i e s  have  shown t h a t  t h e  d i f f e r e n c e s  i n  t h e  
T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  be tw een  t i s s u e s  o f  m ic e ,  b e a r i n g  
Lewis lung c a rc in o m a s ,  and t u m o u r - f r e e  c o n t r o l  a n i m a l s ,  were  more 
p ronounced  i n  microsomes t h a n  i n  o t h e r  s u b c e l l u l a r  f r a c t i o n s  (C a p e l  and 
T h o r n l e y ,  1982) .  The f o l l o w i n g  i n v e s t i g a t i o n s  were t h e r e f o r e  c o n d u c t e d ,  
u s i n g  th e  m ic rosomal  f r a c t i o n s  o f  m ur ine  t i s s u e s .
The TBA-method can p roduce  ambiguous e v a l u a t i o n s  o f  t i s s u e  l i p i d  
p e r o x i d a t i o n .  I t  has  been  s u g g e s t e d  t h a t  i t  would be p r u d e n t  to  v e r i f y  
t h e  r e s u l t s  o f  such d e t e r m i n a t i o n s ,  by employing  as  many o t h e r  methods  
f o r  t h e  d e t e c t i o n  o f  l i p i d  p e r o x i d a t i o n  as  p r a c t i c a b l e  ( S l a t e r ,  1 9 8 4 ) .  
C hem iluminescence-m easuremen t  i s  a c o m p a r a t i v e l y  s e n s i t i v e  and e a s y - t o -  
p e r f o r m  t e c h n i q u e  (Cadenas and S i e s ,  1984; C h a p te r  1 ) .  I n  t h e  f o l l o w i n g  
s t u d i e s ,  microsomes from h e p a t i c ,  pulmonary and tumour t i s s u e s  o f  Lewis  
lung  c a r c i n o m a - b e a r i n g  m ic e ,  and e q u i v a l e n t  t i s s u e s  f rom t u m o u r - f r e e
c o n t r o l s ,  were  examined f o r  t h e i r  c h em i lum inescence  d u r i n g  i n  v i t r o  l i p i d  
p e r o x i d a t i o n .
The l i g h t - e m i t t i n g j  s p e c i e s  o f  c h e m i lu m in e sc e n ce  r e a c t i o n s  a r e  
t r a n s i e n t ,  u n l i k e  t h e  c o m p a r a t i v e l y  s t a b l e  m a l o n d ia l d e h y d e  p r e c u r s o r s  o f  
l i p o p e r o x i d e s . An i n  v i t r o  l i p i d  p e r o x i d a t i o n  sys tem  was t h u s  r e q u i r e d .  A 
p i l o t  s t u d y  was f i r s t  pe r fo rm ed  to  d e t e r m i n e  th e  most  s u i t a b l e  type  o f  
a u t o x i d a t i v e  c h a l l e n g e .  The mic rosomal  l i p i d  p e r o x i d a t i o n  r e a c t i o n ,  
i n i t i a t e d  by th e  c h a l l e n g e ,  would have to  be o f  c o n v e n i e n t  d u r a t i o n ,  and 
o f  s u f f i c i e n t  i n t e n s i t y  to  be d e t e c t e d ,  w i t h  p r e c i s i o n ,  by t h e  a v a i l a b l e  
i n s t r u m e n t a t i o n  ( l i q u i d  s c i n t i l l a t i o n  c o u n t e r ) .
The c h e m i lu m in e s c e n c e ,  a r i s i n g  from t h e  m ic rosom al  s a m p le s ,  was 
e q u a te d  w i t h  t h e  amount o f  T B A - re a c t iv e  m a t e r i a l ,  g e n e r a t e d  by a s i m i l a r  
i n  v i t r o  sys tem .  E xp e r im en t s  were a l s o  u n d e r t a k e n ,  u s i n g  v a r i o u s  s u i t a b l e  
a n t i o x i d a n t s  and f r e e - r a d i c a l  s c ave ng ing  s y s te m s ,  to  c h a r a c t e r i z e  the  
f r e e - r a d i c a l  s p e c i e s ,  c onc e rne d  w i th  the  p e r o x i d a t i o n  r e a c t i o n s  t h a t  gave 
r i s e  to  c h e m i lu m in e sc e n ce  and m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s .
EXPERIMENTAL
Chemica ls
A l l  c h e m ic a l s  were o f  t h e  p u r e s t  q u a l i t y  c o m m e rc i a l l y  a v a i l a b l e ,  and 
were s u p p l i e d  by e i t h e r  F i s o n s  S c i e n t i f i c  A p p a r a t u s ,  Loughborough,  
L e i c s . ,  o r  by Sigma London Chemical  Co. ,  L t d . ,  P o o l e ,  D o r s e t .
Animals  and T r e a tm e n t  ^
Male C57BL6 mice  (O lac )  were used  and were m a i n t a i n e d  as  d e s c r i b e d  
p r e v i o u s l y  ( C h a p te r  2 ) .  Mice (20 + 2g body wt ,  8-10 w e e k s ) ,  d e s i g n a t e d  to  
b e a r  Lewis lung c a rc in o m a s ,  were i n o c u l a t e d  w i t h  tumour c e l l s ,  as  
d e s c r i b e d  e a r l i e r  ( C h a p te r  2 ) .  Equal  numbers o f  age -m atched  male  m ic e ,
i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  o n l y ,  s e rv e d  as  t h e  t u m o u r - f r e e  
c o n t r o l s .
Preparation of Tissues
Animals  were k i l l e d  by CC^ n a r c o s i s :  b lood  was removed by c a r d i o -  
p u n c t u r e  w i t h  a 1ml h e p a r i n i z e d  s y r i n g e .  The v a s c u l a t u r e  was p e r f u s e d  by 
i n j e c t i n g  s a l i n e  (1ml)  i n t o  t h e  h e p a t i c  p o r t a l  v e i n .  T i s s u e s  were 
im m ed ia te ly  e x c i s e d  and r i n s e d  i n  i c e - c o l d  1.15% w/v KC1.
T i s s u e s  were homogenized i n  1.15% w/v KC1, as  d e s c r i b e d  p r e v i o u s l y  
( C h a p te r  2 ) :  l i v e r s  and tumours  a t  25% wet w t / v o l ;  lungs  a t  20% wet
w t / v o l .  Microsomal  f r a c t i o n s  were o b t a i n e d  from t i s s u e  h om ogena te s ,  u s i n g  
the  d i f f e r e n t i a l  c e n t r i f u g a t i o n  t e c h n i q u e ,  d e s c r i b e d  e a r l i e r  ( C h a p t e r  2 ) .  
Microsomal  p e l l e t s  were o b t a i n e d  from th e  20 000 j* s u p e r n a t a n t s ,  by
c e n t r i f u g a t i o n  a t  105 000 g  f o r  60 min.
I n  the  s t u d i e s  to  d e t e r m i n e  m ic rosomal  c o n c e n t r a t i o n s  o f  TBA- 
r e a c t i v e  s u b s t a n c e s ,  and i n  t h e  p i l o t  che m i lum ine sc e nce  s t u d i e s ,  the  
m ic rosomal  p e l l e t s  were washed tw ic e  by r e s u s p e n s i o n  i n  1.15% w/v  KC1 
f o l lo w e d  by c e n t r i f u g a t i o n .  The washed p e l l e t s  were r e s u s p e n d e d  a t  25% 
o r i g i n a l  wet w t / v o l  in  KC1, and s t o r e d  i n  t h e  r e f r i g e r a t o r .  These  samples  
were a s s a y e d  w i t h i n  36 h r  o f  e x c i s s i o n  o f  t i s s u e s  f rom t h e  e x p e r i m e n t a l  
a n im a l s .
I n  t h e  r em a in in g  e x p e r i m e n t s ,  m ic rosom al  p e l l e t s  were washed once  i n  
1.15% w/v KC1, and s t o r e d  as  100% o r i g i n a l  wet w t / v o l  s u s p e n s i o n s  i n  50 
mM p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  20% w/v g l y c e r o l  and 1 mM EDTA, 
a t  - 8 0 °  C. P r i o r  to  t h e i r  u s e  i n  t h e  f o l l o w i n g  i n v e s t i g a t i o n s ,  t h e s e  
mic rosomes  were washed t w i c e  in  1.15% w/v KC1: r e s u s p e n d e d  a t  25%
o r i g i n a l  wet w t / v o l  in  i s o t o n i c  KC1; and d i l u t e d  a p p r o p r i a t e l y  w i t h  0 .1  M 
p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  to  a f i n a l  c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  lmg
protein/ ml.
Biochemical Investigations
T B A - r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n s :
a )  S u l p h u r i c  a c i d  method R e a c t i o n  m i x t u r e s ,  c o n t a i n i n g  0 .1ml o f
t i s s u e  homogenate  o r  m ic rosom al  s u s p e n s i o n ,  2 .4ml o f  0 .05  M H^SO^, and
2.5ml o f  0.2% w/v TBA i n  2 M NaoS0. were v o r t e x e d  and i n c u b a t e d  a t  100° C■ — 2 . 4
f o r  30 min ( S a t o h ,  1978; C h a p te r  3 ) .  The T B A - re a c t iv e  ad d u c t  was 
e x t r a c t e d  i n t o  4ml o f  b u t a n - 1 —o l ,  and i t s  f l u o r e s c e n c e  (535 nm e x c i t ­
a t i o n ,  553 nm e m i s s i o n )  m easu red .  The c o n c e n t r a t i o n  o f  T B A - re a c t iv e  
s u b s t a n c e s  i n  the  samples  was d e t e r m i n e d  by c o m pa r i son  w i t h  t h e  f l u o r ­
e s c e n c e  o b t a i n e d  from the  r e a c t i o n  be tw een  TBA and 1 , 1 , 3 , 3 - t e t r a -  
m ethoxyp ropane  s t a n d a r d s  ( 0 .25  and 0 .7 5  n m o le s ) .
b) P h t h a l a t e  b u f f e r  method R e a c t i o n  m i x t u r e s ,  c o n t a i n i n g  0 .1  ml o f  
t i s s u e  homogenate  o r  mic rosomes ,  2 .4ml o f  0 .1  M p o t a s s i u m  hydrogen  
p h t h a l a t e  b u f f e r ,  and 2.5ml o f  1% w/v TBA i n  0 .0 5  M NaOH were v o r t e x e d  
and i n c u b a t e d  a t  100° C f o r  15 min ( G u t t e r i d g e ,  1 9 8 2 a ) .  The 
c o n c e n t r a t i o n s  o f  T B A - re a c t iv e  m a t e r i a l  i n  the  samples  were d e t e r m i n e d  
f l u o r i m e t r i c a l l y , as d e s c r i b e d  above.
A d d i t i o n  o f  BHT o r  DETAPAC: The T B A - r e a c t i v i t y  i n  m ic ro som al  f r a c t i o n s ,
d e t e r m i n e d  by t h e  two p r o c e d u r e s ,  o u t l i n e d  above ,  were compared w i t h  t h a t  
o b t a i n e d  a f t e r  add in g  an a n t i o x i d a n t  o r  a m e t a l  c h e l a t o r  i n t o  t h e  
r e a c t i o n  m i x t u r e s .  The a n t i o x i d a n t ,  b u t y l a t e d  h y d r o x y t o l u e n e  (BHT) was 
d i s s o l v e d  i n  e t h a n o l  ( 0 . 1ml) and added to  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 1 % 
w/v ( S v in g e n  e t  a l , 1979;  K o r n b r u s t  and Mavis ,  1980) .  The c h e l a t o r ,  
d i e t h y l e n e - t r i a m i n e p e n t a - a c e t i c  a c id  (DETAPAC) was d i s s o l v e d  i n  0 . 1  M 
p h t h a l a t e  b u f f e r  o r  0 .0 5  M ^ S O ^ ,  as  a p p r o p r i a t e ,  t o  a f i n a l  r e a c t i o n  
m i x t u r e  c o n c e n t r a t i o n  o f  0 . 2  mM.
D e t e r m i n a t i o n  o f  f r e e  m a lo n d ia ld e h y d e  c o n c e n t r a t i o n :  I c e - c o l d  20% w/v
TCA (2ml)  was added to  1ml o f  f r e s h l y - p r e p a r e d  t i s s u e  hom ogena te .  The 
m i x t u r e  was c e n t r i f u g e d  f o r  30 min a t  2500 rpm: 1ml o f  s u p e r n a t a n t  was
made up to  10ml w i t h  9:1 by v o l  s o l u t i o n  o f  0 .03  M T r i s / H C l  b u f f e r ,  pH
7 . 4 ,  and acetonitrile (Esterbauer et al, 1984) .  Aliquots (20jtil) were
R . R
injected, via a Rheodyne injection valve, into the Spherisorb column of
.the HPLC. The e l u e n t ,  u sed  f o r  e q u i l i b r i a t i o n  o f  t h e  i n s t r u m e n t  and
s e p a r a t i o n  o f  m a l o n d ia l d e h y d e  was 9:1  v / v  T r i s / H C l  b u f f e r /  CH^CN. The
f low r a t e  o f  e l u e n t  was 1ml/  min.  M a lo n d ia ld e h y d e  was d e t e c t e d  s p e c t r o -
p h o t o m e t r i c a l l y  by i t s  a b s o r p t i o n  a t  270nm (Lang e t  a l , 1984) .
A 10 mM s t o c k  s o l u t i o n  o f  1 , 1 , 3 , 3 - t e t r a m e t h o x y  p r o p a n e ,  i n  0 . 0 5  M 
^ S O ^ ,  was f r e s h l y  p r e p a r e d  and th e n  d i l u t e d  w i t h  T r i s / H C l  b u f f e r  t o  a 
c o n c e n t r a t i o n  o f  20 jUM. 1ml volumes o f  t h e  s t a n d a r d  s o l u t i o n ,  c o n t a i n i n g  
20 nmoles  o f  m a lo n d ia l d e h y d e ,  were used  to  c a l l i b r a t e  t h e  HPLC and 
t h e r e b y  d e t e r m i n e  th e  c o n c e n t r a t i o n  o f  m a l o n d ia l d e h y d e  i n  t h e  t i s s u e  
s am p les .
Chemiluminescence
D e t e c t i o n  sys tem:  Chem i lum inescence ,  from p e r o x i d i z i n g  m ic ro som e s ,  was
d e t e c t e d  u s i n g  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r  ( S e i t z ,  1978; Smith e t  a l , 
1982; Rep ine  e t  a l , 1984) .  L i q u i d  p e r o x i d a t i o n  was i n i t i a t e d  a t  t imed 
i n t e r v a l s  by t h e  a d d i t i o n  o f  o x i d a n t  ( 0 . 1ml o f  FeCl^)  to  4ml volumes o f  1 
mg p r o t e i n /  ml m ic rosom al  s u s p e n s i o n s  i n  0 .1  M p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  
prewarmed to  37° C. The r e a c t i o n  m i x t u r e s  were shaken :  t h e  caps  were
screwed on to  t h e  v i a l s  ( two a t  each o c c a s i o n ) ;  and t h e n  t h e  m i x t u r e s  were 
p l a c e d  i n t o  t h e  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  f o r  au tom a ted  c o u n t i n g  (30 
s e c ) .  The c o u n t e r  mechanism was s e t  a t  100% g a i n ,  w i t h  d i s c r i m i n a t o r  
f u l l y  open from 1 to  256. The c o i n c i d e n c e  mode o f  t h e  c o u n t e r  was 
d i s a b l e d  so t h a t  b o th  p h o t o m u l t i p l i e r  t u b e s  co u ld  be used  to  d i s c r i m i n a t e  
and summate the  c o m p a r a t i v e l y  low l i g h t  e m i s s i o n ,  r e s u l t i n g  from l i p i d
peroxidation (Trush et al, 1978).
To m in imize  the  p h o s p h o r e s c e n c e ,  t h a t  can a r i s e  f rom p l a s t i c s ,  t h e  
caps  and v i a l s ,  u sed  f o r  t h e  ch e m i lu m in e s c e n ce  p r o c e d u r e s  were d a r k -  
a d a p te d  ( S e i t z ,  1981) .  The p h o s p h a te  b u f f e r  was s t o r e d  i n  a l i g h t  p r o o f  
c o n t a i n e r ,  and t h e  p r o c e d u r e  was pe r fo rm ed  in  a room w i t h  min imal  
f e a s i b l e  l i g h t i n g  (T rush  e t  a l , 1978) .  The background  c o u n t s  f o r  t h e
s c i n t i l l a t i o n  v i a l s ,  c o n t a i n i n g  b u f f e r  a l o n e ,  were a p p r o x i m a t e l y  5000
cpm.
A f t e r  c o u n t i n g ,  t h e  v i a l s  were uncapped and r e t u r n e d  to  a 37° C 
w a t e r  b a t h .  Chemiluminescence  was m o n i t o re d  a t  r e g u l a r  i n t e r v a l s  ( e v e r y  
4 -5  min)  u n t i l  t h e  r e a c t i o n  had peaked and r e t u r n e d  to  b a s a l  l e v e l s .  The 
v i a l s  were r u g u l a r l y  shaken  to  e n s u r e  o x y g e n a t i o n  o f  t h e  r e a c t i o n  
m i x t u r e s .  Chemiluminescence  o f  t h e  samples  was e x p r e s s e d  as  CPM/ mg 
m ic rosom al  p r o t e i n  ( a f t e r  c o r r e c t i o n  f o r  background  l u m i n e s c e n c e ) .
A u t o x i d a t i v e  c h a l l e n g e :  Three  d i f f e r e n t  sys tems  to  promote m ic ro som al
l i p i d  p e r o x i d a t i o n  were e v a l u a t e d  ( B a r t o l i  and G a l e o t t i ,  1979) .  The 
f o l l o w i n g  a u t o x i d a t i v e  c h a l l e n g e s  were a p p l i e d  to  f r e s h  h e p a t i c  m i c r o ­
somal s u s p e n s i o n s  ( f i n a l  c o n c e n t r a t i o n s ) : -
1) 4 mM ADP + 0.05  mM FeCl3 + 0 . 4  mM NADPH
2) 4 mM ADP + 0 .05  mM FeCl^ + 0 .3 3  mM x a n t h i n e  + 5 x 10 ^ u n i t s  (S igma^)
x a n t h i n e  o x i d a s e .
3 ) 4  mM ADP + 0.05 mM FeCl^ + 0 .2 5  mM sodium a s c o r b a t e .
R e a c t i o n s  were i n i t i a t e d  by a d d i t i o n  o f  0 .1ml o f  FeCl^ .
Luminol :  A s t o c k  s o l u t i o n  o f  l um ino l  was p r e p a r e d  by d i s s o l v i n g  0 . 5  mg
Ro f  Luminol  i n  0 .05ml o f  d i m e th y l  s u l p h o x i d e  (DMSO) and th e n  d i l u t i n g  to
a c o n c e n t r a t i o n  o f  10 mg/ 100ml i n  p h o s p h a t e - b u f f e r e d  s a l i n e  (T rush  e t  
a l ,  1978) .  The s t o c k  s o l u t i o n  was r e f r i g e r a t e d  f o r  2 t o  3 days  to 
s t a b i l i z e ,  b e f o r e  use  ( S e i t z ,  1978) .
RThe s t o c k  s o l u t i o n  o f  Luminol  was d i l u t e d  1 in  100,  1 i n  200 and 1 
in  400 by volume i n  0 . 1  M p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  and 0 .1m l  o f  one o f  
t h e  d i l u t i o n s  was added to  t h e  r e a c t i o n  m i x t u r e ,  i m m e d i a t e l y  b e f o r e  
i n i t i a t i n g  p e r o x i d a t i o n .
M o n i t o r in g  o f  I n  V i t r o  L i p i d  P e r o x i d a t i o n  by D e t e c t i o n  o f  T B A - r e a c t i v e  
M a t e r i a l
R e a c t i o n  m i x t u r e s  (prewarmed to  37° C) were assem b led  a t  t h e  same 
c o n c e n t r a t i o n s  as  t h o s e  used  f o r  t h e  che m i lum ine sc e nce  p r o c e d u r e ,  e x c e p t  
t h a t  a l l  t h e  volumes were doub led  to  a f i n a l  volume o f  8ml.  R e a c t i o n s  
were s t a r t e d ,  a t  t imed  i n t e r v a l s ,  by a d d i t i o n  o f  0 .2ml  o f  0 .0 5  mM ( f i n a l  
c o n c e n t r a t i o n )  FeCl^* The m i x t u r e s  were g e n t l y  a g i t a t e d  i n  a  s h a k in g  
w a t e r  b a t h  a t  37° C, t h r o u g h o u t  t h e  p r o c e d u r e .  At t imed  i n t e r v a l s  ( e v e r y  
5 min)  a 0 .1ml a l i q u o t  o f  each  r e a c t i o n  m i x t u r e  was added to  t u b e s ,  
c o n t a i n i n g  0.02% w/v BHT and 0 . 2  mM DETAPAC i n  0 .1  M p h t h a l a t e  b u f f e r ,  pH
3 . 5 ,  i n  an i c e - w a t e r  b a t h .  At t h e  end o f  t h e  r e a c t i o n  p r o c e d u r e ,  2 .5m l  o f  
1% w/v TBA i n  0 .05  M NaOH was added to  each  t u b e :  t h e  TBA-adduct  f l u o r o -  
phore  was e x t r a c t e d  i n t o  b u t a n - l - o l  and th e  c o n c e n t r a t i o n  o f  m a lon -  
d i a l d e h y d e - l i k e  m a t e r i a l ,  i n  t h e  m ic rosom al  s a m p le s ,  d e t e r m i n e d  as 
d e s c r i b e d  p r e v i o u s l y  f o r  t h e  T B A - te s t .
C h a r a c t e r i z a t i o n  o f  F r e e - r a d i c a l  S p e c i e s ,  I n v o l v e d  i n  M ic rosomal  L i p i d  
P e r o x i d a t i o n
The a n t i o x i d a n t s  and f r e e - r a d i c a l  q u e n c h e r s  used  i n  t h e  p r e s e n t  
s t u d i e s  to  c h a r a c t e r i z e  t h e  f r e e  r a d i c a l  s p e c i e s ,  e v o lv e d  d u r i n g  th e  
m ic rosom al  l i p i d  p e r o x i d a t i o n  r e a c t i o n  a r e  named i n  t h e  t a b l e s  o f  r e s u l t s  
( t a b l e s  4 .10  -  4 . 1 2 ) .  The r a t i o n a l e  f o r  u s i n g  t h e s e  v a r i o u s  s u b s t a n c e s
will become apparent in the Discussion of the present chapter. 
Instrumentation
The HPLC s e p a r a t i v e  t e c h n i q u e  used  a  Du Pon t  850 High P e r fo r m a n c e
RL i q u id  Chromatograph ,  i n c o r p o r a t i n g  a U V - v i s i b l e  d e t e c t o r  and S p h e r i s o r b  
ODS HPLC column ( i n t e r n a l  m easurem ents  o f  25 m l /  5mm). C hem iluminescence  
was m easured  u s i n g  a LKB Wallac- 1217 R a c kbe ta  l i q u i d  s c i n t i l l a t i o n
c o u n t e r  w i t h  r e f r i g e r a t i o n  u n i t .
Statistical Analyses
Results were expressed as mean _+ SEM. Data was statistically 
evaluated by analysis of variance; means of experimental group data were 
compared using the Newraan-Keuls procedure.
RESULTS
C o l l a b o r a t i v e  S t u d i e s
TBA r e a c t i v i t y ,  u s i n g  s u l p h u r i c  a c i d  as  t h e  a c i d  r e a g e n t  ( t a b l e  4 . 1 ) :  
The c o n c e n t r a t i o n  of  m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s  i n  Lewis  lung  
ca rc inom a  t i s s u e ,  de te rm in e d  by th e  TBA t e s t  u s i n g  s u l p h u r i c  a c i d  as  t h e  
a c i d i f y i n g  medium, was c o n s i d e r a b l e  (more t han  tw i c e  t h a t  o f  l i v e r )  and 
i n c r e a s e d  m a r g i n a l l y ,  bu t  n o t  s i g n i f i c a n t l y ,  w i t h  t ime a f t e r  tumour 
i m p l a n t a t i o n  (15-20  d a y s ) .  The T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  
l i v e r  homogenate  f rom tu m o u r - b e a r i n g  mice were g r e a t e r  t h a n  t h o s e  o f  
t u m o u r - f r e e  a n im a l s ,  a lm os t  d o u b l in g  be tw een  15 days and 20 days  a f t e r  
tumour i m p l a n t a t i o n .
TBA r e a c t i v i t y ,  u s i n g  p h t h a l a t e  b u f f e r  a s  t h e  a c i d  r e a g e n t  ( t a b l e  4 . 2 ) :
The c o n c e n t r a t i o n  o f  T B A - re a c t iv e  m a t e r i a l  i n  Lewis lung  c a rc inom a  homo­
g e n a t e ,  when d e te r m in e d  u s i n g  p h t h a l a t e  b u f f e r ,  was a l s o  s u b s t a n t i a l  b u t
o f  s i m i l a r  m agn i tu de  to t h a t  o f  l i v e r .  T B A - re a c t i v e  m a t e r i a l  c o n c e n -
TABLE 4.1 - Thiobarbituric Acid-reactive Material Concentrations
i n  H e p a t i c  and Tumour T i s s u e  o f  Lewis  Lung C arc inom a-  
b e a r i n g  C57BL6 m ice ,  and i n  H e p a t i c  T i s s u e  o f  T u m o u r - f r e e  
C o n t r o l s
-  AS DETERMINED BY INCUBATION IN 0.05M H„SO,— 2 4
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e te r m in e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour C o n t r o l  
( d a y s )
L i v e r T u m o u r
Tum our-bear ing
(nmol MDA e q u iv  /mg p r o t e i n )
15 0 .5 7  + 0 .0 8 0 .8 2  + 0 .0 8 1 . 4  + 0 . 2
18 0 .57  + 0 .0 9 1 . 0  + 0 .1 6 a 1 . 4  + 0 . 3
20 0 .5 7  + 0 .11 1 .5  + 0.25 a 1 .7  + 0 . 2
3 Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 4.2 - Thiobarbituric Acid-reactive Material Concentrations
i n  H e p a t i c  and Tumour T i s s u e  o f  Lewis  Lung Carc inom a-  
b e a r i n g  C57BL6 Mice,  and i n  H e p a t i c  T i s s u e  o f  T u m o u r - f r e e  
C o n t r o l s
- AS DETERMINED BY INCUBATION IN 0.1M PHTHALATE 
BUFFER (pH 3.5)
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice a t  each t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour C o n t r o l  
( d a y s )
L i v e r T u m o u r
Tum our-bear ing
(nmol MDA e q u iv  /mg p r o t e i n )
15 0 .1 6  + 0 . 0 1 0 . 2 1  + 0 . 0 1 a 0 .1 5  + 0 .01
18 0 .15  + 0.01 0 .1 9  + 0.01 a 0 .13  + 0 .01
20 0 .1 6  + 0 . 0 1 0 .1 8  + 0 . 0 1 a 0 .2 5  + 0 .0 1
a -b Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter.
t r a t i o n s  o f  tumour t i s s u e  from mice k i l l e d  20 days  p o s t  i m p l a n t a t i o n ,  
were g r e a t e r  t h a n  t h a t  from an im a ls  k i l l e d  a f t e r  a s h o r t e r  d u r a t i o n .  
H e p a t i c  t i s s u e  from tu m o u r - b e a r i n g  mice had a g r e a t e r  T B A - re a c t iv e  
m a t e r i a l  c o n c e n t r a t i o n  than  t h a t  o f  t u m o u r - f r e e  c o n t r o l s .  The d i f f e r e n c e  
be tw een  t h e  t u m o u r - f r e e  and the  t u m o u r - b e a r i n g  g roups  was l e s s  when 
d e t e r m i n e d  u s i n g  p h t h a l a t e  b u f f e r  i n s t e a d  o f  ^ S O ^ .
C o n c e n t r a t i o n s  o f  " f r e e "  m a l o n d ia l d e h y d e  ( t a b l e  4 . 3 ) :  The c o n c e n t r a t i o n
o f  m a l o n d ia l d e h y d e  i n  t h e  a c i d - s o l u b l e  components  o f  m ur ine  t i s s u e s ,  
d e t e r m i n e d  by HPLC, was a t  l e a s t  an o r d e r  o f  m agn i tude  l e s s  t han  th e  
c o n c e n t r a t i o n  o f  TBA r e a c t a n t s  o f  t h e  i n t a c t  t i s s u e s  ( t a b l e s  4 .1  to  4 . 3 ) .  
The m a lo n d ia l d e h y d e  c o n c e n t r a t i o n s  o f  Lewis  lung  ca rc in om a t i s s u e  was 
m a r g i n a l l y  g r e a t e r  t han  t h a t  o f  c o n t r o l  l i v e r  t i s s u e .  The m a l o n d ia l d e h y d e  
c o n c e n t r a t i o n  o f  l i v e r s ,  f rom t u m o u r - b e a r i n g  mice d i d  no t  d i f f e r  s i g n i f ­
i c a n t l y  f rom t h o s e  o f  t u m o u r - f r e e  a n im a l s .
M ic rosomal  T B A - re a c t i v e  M a t e r i a l  C o n c e n t r a t i o n s  ( t a b l e s  4 . 4  and 4 . 5 )
a )  No a d d i t i v e s  t o  i n h i b i t  l i p i d  p e r o x i d a t i o n  i n  t h e  r e a c t i o n  m i x t u r e s :  
The c o n c e n t r a t i o n  o f  T B A - re a c t iv e  s u b s t a n c e s  i n  h e p a t i c  m ic rosom es ,  when 
d e t e r m i n e d ,  u s i n g  H^SO^ as  t h e  a c id  medium, was a p p r o x i m a t e l y  8 t im es  
g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n ,  d e t e r m i n e d ,  u s i n g  p h t h a l a t e  b u f f e r .  The 
p r o c e d u r e ,  u s i n g  H^SO^, r e v e a l e d  a s i g n i f i c a n t l y  g r e a t e r  T B A - re a c t i v e  
m a t e r i a l  c o n c e n t r a t i o n  f o r  h e p a t i c  microsomes  from t u m o u r - b e a r i n g  mice 
( t a b l e  4 . 4 ) :  t h e  method,  u s i n g  p h t h a l a t e  b u f f e r  d i d  n o t  show any s i g n i f ­
i c a n t  d i f f e r e n c e s  ( t a b l e  4 . 5 ) .
The T B A - re a c t i v e  m a t e r i a l  c o n c e n t r a t i o n  o f  m ic rosom es ,  f rom Lewis 
lung c a rc in o m a ,  was abou t  50% g r e a t e r  when e s t i m a t e d  by th e  p r o c e d u r e ,  
u s i n g  p h t h a l a t e  b u f f e r ,  t han  t h a t  u s in g
b)  E f f e c t  o f  an a n t i - o x i d a n t  (BHT): The i n c l u s i o n  o f  0.01% w/v e t h a n o l i c  
BHT i n  t h e  r e a c t i o n  m i x t u r e ,  d e c r e a s e d  t h e  c o n c e n t r a t i o n  o f  T B A - r e a c t i v e
TABLE 4.3 - Malondialdehyde Concentrations in Hepatic and
Tumour T i s s u e  o f  Lewis  Lung C a r c i n o m a - b e a r i n g  
C57BL6 Mice,  and i n  H e p a t i c  T i s s u e  o f  T u m o u r - f r e e  
C o n t r o l s
-  AS DETERMINED BY HPLC SEPARATIVE TECHNIQUE.
R e s u l t s  r e p r e s e n t  mean SEM f o r  6 mice  a t  each  t ime 
i n t e r v a l .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour C o n t r o l  
( d a y s )
L i v e r T u m o u r
T um our-bear ing  
(pmol MDA e q u iv  /mg p r o t e i n )
15 11 + 1 11 +  2 17 + 1
18 15 + 1a 15 + l a 17 + 2
20 17 + 1a 15 + l a 18 + 1
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 4.4 - Microsomal Thiobarbituric Acid-reactive Material
C o n c e n t r a t i o n s  i n  H e p a t i c  and Tumour T i s s u e  o f  Lewis 
Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  and i n  H e p a t i c  
T i s s u e  o f  T um o u r - f re e  C o n t r o l s  
-  AS DETERMINED BY INCUBATION IN 0.05M H2 S04
E f f e c t  o f  i n c o r p o r a t i n g  an a n t i o x i d a n t  (BHT) o r  an 
i r o n - c h e l a t o r  (DETAPAC) i n t o  t h e  r e a c t i o n  m i x t u r e
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 m ice ,  k i l l e d  14 days 
a f t e r  i n o c u l a t i o n  w i t h  tumour c e l l s  ( o r  w i t h  PBS f o r  t h e  
c o n t r o l s ) .  P r o t e i n  was d e te r m in e d  w i th  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
L i v e r T u m o u r
C o n t r o l Tum our-bear ing
(nmol MDA e q u iv  /mg p r o t e i n )
No a d d i t i v e s 12 +  1 17 + 2b 3 .0  + 1 .6
+0.01% BHT 4 .1  + 1.0 a 4 . 6  + 0 . 8 a 1 . 6  + 0 . 3 C
+ 0 . ImM 
DETAPAC
12 + 0 .5 11 + 0 . 6 3 . 2  + 0 . 4
c • • • •S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by Newman-Keuls t e s t  ( a f t e r
analysis of variance) from all values except those bearing the same
superscript letter.
TABLE 4.5 - Microsomal Thiobarbituric Acid-reactive Material
C o n c e n t r a t i o n s  i n  H e p a t i c  and Tumour T i s s u e  o f  Lewis 
Lung C a r c in o m a - b e a r i n g  C57BL6 Mice,  and i n  H e p a t i c  
T i s s u e  o f  T u m o u r - f re e  C o n t r o l s
-  AS DETERMINED BY INCUBATION IN 0.1M PHTHALATE 
BUFFER (pH 3 . 5 )
E f f e c t  o f  i n c o r p o r a t i n g  an  a n t i o x i d a n t  (BHT) o r  an 
i r o n - c h e l a u o r  (DETAPAC) i n t o  t h e  r e a c t i o n  m i x t u r e
R e s u l t s  r e p r e s e n t  mean SEM f o r  6 m ice ,  k i l l e d  14 days 
a f t e r  i n o c u l a t i o n  w i t h  tumour c e l l s  ( o r  w i t h  PBS f o r  t h e  
c o n t r o l s ) .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as the  s t a n d a r d .
L i v e r T u m o u r
C o n t r o l Tum our-bear  ing
(nmol MDA e q u iv  /mg p r o t e i n )
No a d d i t i v e s  1 .6  + 0 .1 1 . 8  +  0 . 2 4 . 5  + 1.1
+0.01% BHT 0 . 8 4  + 0.07 a 0 . 8 8  + 0 . 09a 3 . 2  + 0 .1
+ 0 / ImM 
DETAPAC
1 .7  + 0 .1 1 .5  + 0 . 2 3 . 8  + 0 . 4
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
m a t e r i a l  in  h e p a t i c  microsomes  by 65%, when a s s a y e d  by th e  p r o c e d u r e  
u s i n g  B^SO^, and by 48% when a s s a y e d  by the  p r o c e d u r e  u s i n g  p h t h a l a t e  
b u f f e r .  T e s t s  t h a t  i n c l u d e d  BHT i n  t h e i r  r e a c t i o n  m i x t u r e s ,  d i d  n o t  show 
any s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  T B A - r e a c t i v i t y  o f  microsomes  from 
tu m o u r - b e a r i n g  mice and t h e i r  t u m o u r - f r e e  c o n t r o l s .
BHT caused  t h e  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  tumour 
mic rosomes to  d e c r e a s e  by 47%, when a s sa y e d  by t h e  p r o c e d u r e  u s in g  
^ S O ^ a n d  by 29% when d e t e r m i n e d  by t h e  p r o c e d u r e  u s i n g  p h t h a l a t e  b u f f e r .
c)  E f f e c t  o f  m e t a l - c h e l a t o r  (DETAPAC): DETAPAC, i n c o r p o r a t e d  a t  0 . 1  nM
i n  the  r e a c t i o n  m i x t u r e ,  d i d  no t  s i g n i f i c a n t l y  a f f e c t  t h e  T B A - re a c t iv e
m a t e r i a l  c o n c e n t r a t i o n s  o f  c o n t r o l  h e p a t i c ,  o r  tumour m ic rosomes ,
d e t e r m i n e d  by e i t h e r  a p p l i c a t i o n  o f  the  TBA method.  The i n c r e a s e d  h e p a t i c  
m ic rosom al  T B A - r e a c t i v i t y  o f  t u m o u r - b e a r i n g  m ice ,  o b s e r v e d  u s i n g  the
a s s a y  sys te m , d i d  no t  oc c u r  i n  t h e  p r e s e n c e  o f  DETAPAC ( t a b l e  4 . 4 ) .
d)  E f f e c t  o f  BHT, DETAPAC o r  t y p e  o f  a c i d  r e a g e n t  upon r e a c t i v i t y  o f  
m a l o n d ia l d e h y d e  s t a n d a r d s
BHT and DETAPAC, a t  t h e  c o n c e n t r a t i o n s  used above ,  had no a p p r e c ­
i a b l e  e f f e c t  upon t h e  f l u o r e s c e n c e ,  r e s u l t i n g  from t h e  r e a c t i o n  o f
m a lona lde hyde  b i s d i m e t h y l  a c e t a l  s t a n d a r d s  ( 0 .25  and 1 .0  nmole)  w i t h  TBA. 
The f l u o r e s c e n c e  o f  t h e  TBA-adduct o f  s t a n d a r d  m a l o n d i a l d e h y d e  was 
e s s e n t i a l l y  t h e  same w h e th e r  u s i n g  p h t h a l a t e  b u f f e r  o r  as  the
a c i d i f y i n g  r e a g e n t s .
Studies of In Vitro Lipid Peroxidation
S e l e c t i o n  o f  a u t o x i d a t i v e  c h a l l e n g e :  The i r o n / a s c o r b a t e  a u t o x i d a t i v e
c h a l l e n g e  evoked c o n s i d e r a b l y  g r e a t e r  c h e m i lu m in e s c e n ce  from f r e s h  
h e p a t i c  microsomes than  d i d  i r o n / x a n t h i n e - x a n t h i n e  o x i d a s e  o r  iron/NADPH 
( f i g .  4 . 1 ) .  The o m is s io n  o f  ADP from t h e  r e a c t i o n  m i x t u r e  c a u s e d  an 
a p p r o x i m a t e l y  80% d e c r e a s e  i n  c h e m i lu m in e sc e n ce  and p r o d u c t i o n  o f  TBA-
C
he
m
il
um
in
es
ce
nc
e 
(c
pr
h 
/ 
mg
 
pr
ot
ei
n)
700-
600-
500-
400-
300-
200 -
100-
1 0 30 60 Time40
FIG. 4 .1  -  Chem ilum inescence  o f  H e p a t i c  Microsomes  a f t e r  ( m i n )
P e r o x i d a t i v e  I n s u l t  by V a r io u s  Toxic  C h a l l e n g e s .
-•) NADPH fc- 
hi) A s c o r b a t e
 % X a n t h in e  + x a n t h i n e  o x i d a s e
(a a) A s c o r b a t e  + ADP
[ R e a c t i o n s  i n i t i a t e d  w i th  FeCl^ -  s e e  main  t e x t  f o r  
d e t a i l s ]
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FIG. 4 . 2  -  E f f e c t  o f  Luminol on F e C l ^ / a s c o r b a t e - i n d u c e d  
Chem iluminescence  o f  F r e s h  H e p a t i c  M ic rosomes .
Note:  Luminol  was a  x 400 d i l u t i o n  o f  s t o c k  s o l u t i o n  
( R e s u l t s  = mean +_ SEM -  s e e  main  t e x t  f o r  d e t a i l s ) .  
(•— — —•) + Luminol  (x------------x) -  Luminol
TABLE 4 .6  -  A s c o r b a t e / F e C l ^ - i n d u c e d  Peak Chem iluminescence  o f
Tumour and Pulmonary Microsomes from Lewis  Lung Carc inom a-  
b e a r i n g  C57BL6 Mice,  a n d : o f  Microsomes o f  T u m o u r - f r e e  
C o n t r o l s
R e s u l t s  r e p r e s e n t  mean hh SEM f o r  6 mice a t  each  t im e  
i n t e r v a l .  Microsomes  were s t o r e d  as  s u s p e n s i o n s  i n  50mM 
p h o s p h a te  b u f f e r  (pH 7 . 4 ) ,  c o n t a i n i n g  20% w/v g l y c e r o l  and 
ImM EDTA, a t  -8 0  C p r i o r  to  a n a l y s i s .  Time (min)  t o  maximal 
change  i n  c he m i lu m in e s c e n c e  shown i n  b r a c k e t s .
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as t h e  s t a n d a r d .
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour C o n t r o l  
( d a y s )
L u n g T u m o u r
T um our -bear ing
.-3(cpm x 10 /mg p r o t e i n ,  a t  37 C. pH 7 . 4 )
13 130 + 26 
(19 + 4)
114 + 30 
(14 + 3)
40 + 6 
(8 + 1 )
15 117 + 30 
(15 + 2)
134 + 17 
(18 + 4)
45 + 8 
(13 + 1)
17 139 + 28 
(19 + 4)
127 + 39 
(18 + 5)
43 + 4 
(8 + 1 )
3l  •  * * •  «S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05 )  by Newman-Keuls t e s t  ( a f t e r  a n a l y s i s  
o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same s u p e r s c r i p t  
l e t t e r .
TABLE 4 .7  -  A s c o r b a t e / F e C l ^ - i n d u c e d  Peak C hem iluminescence  o f  H e p a t i c  
Microsomes from Lewis  Lung C a r c i n o m a - b e a r i n g  C57BL6 m ic e -  
and o f  Microsomes o f  Tum our - f re e  C o n t r o l s  
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  6 mice  a t  each t ime 
i n t e r v a l .  Microsomes were s t o r e d  as  s u s p e n s i o n s  i n  50mM 
p h o s p h a te  b u f f e r  (pH 7 . 4 ) ,  c o n t a i n i n g  20% w/v g l y c e r o l  and 
ImM EDTA, a t  -80°C p r i o r  to  a n a l y s i s .  Time (min)  to  maximal 
change  i n  c he m i lum ine sc e nce  shown i n  b r a c k e t s .
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  
u s i n g  BSA as  the  s t a n d a r d .
Time a f t e r
i m p l a n t a t i o n  C o n t r o l  T u m o u r -
o f  tumour b e a r i n g
( days )
(cpm x 10 /mg p r o t e i n , a t  37°C, pH 7 . 4 )
13 22 + 9 
(44 + 3)
667 + 63 
(51 + 12)
15 36 + 17 
(47 + 3)
724 + 87' 
(22 + 4)
17 30 + 11 
(52 +11)
653 + 53' 
(26 + 4)
Chem iluminescence  was m o n i t o re d  f o r  90 min.
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 4 . 8  -  T o t a l  Chem ilum inescence  o f  A s c o r b a t e / F e C l ^ - i n d u c e d  H e p a t i c  
Tumour and Pulmonary  Microsomes from! Lewis  Lung Carc in om a-  
b e a r i n g  C57BL6 Mice.
R e s u l t s  r e p r e s e n t  mean s u r f a c e  a r e a  o f  m ic ro som al  chemi­
l u m i n e s c e n c e  p l o t t e d  vs  t im e ,  f o r  6 m ice .  V a lue s  a r e  
e x p r e s s e d  as  % o f  c o r r e s p o n d i n g  c o n t r o l .  Tumour microsomes 
were  compared w i t h  c o n t r o l  pulmonary  m ic ro som es .  Microsomes 
were s t o r e d  as  s u s p e n s i o n s  in  50mM p h o s p h a te  b u f f e r  (pH
7 . 4 ) ,  c o n t a i n i n g  20% w/v g l y c e r o l  and ImM EDTA, a t  80 C, 
p r i o r  to  a n a l y s i s .
Time a f t e r  L i v e r  L u n g  T u m o u r
i m p l a n t a t i o n
o f  tumour
(d a y s )
13 2390 84 22
15 1850 87 30
17 2230 97 36
C o n t r o l  100 100 100
r e a c t i v e  m a t e r i a l .  4 mM ADP, 0 .05  mM FeCl^ and 0 .2 5  mM a s c o r b a t e  were
t h e r e f o r e  u s e d  to  i n i t i a t e  l i p i d  p e r o x i d a t i o n  i n  i n  a l l  s u b s e q u e n t
s t u d i e s .
I r o n / a s c o r b a t e - i n i t i a t e d  c h em i lum inescence  had a  l i n e a r  r e l a t i o n s h i p  
w i th  m ic ro som a l  c o n c e n t r a t i o n ,  i n  the  r ange  o f  0 . 2  t o  5 mg p r o t e i n / m l .
Lumino1: The a d d i t i o n  o f  1ml o f  lum ino l  i n  t h e  d i l u t i o n  r a n g e  g i v e n
e a r l i e r  ( s e e  E x p e r i m e n t a l )  d i d  n o t  g r e a t l y  i n c r e a s e  t h e  c h e m i lu m in e s c e n c e  
o f  i r o n /  a s c o r b a t e - c h a l l e n g e d  h e p a t i c  microsomes  ( t a b l e  4 . 9 ;  f i g .  4 . 2 ) .  
Luminol  t h u s  was n o t  used  i n  t h e  s t u d i e s  o f  t h e  p r e s e n t  c h a p t e r .
Background c he m i lu m in e s c e n c e :  Microsomal  s u s p e n s i o n s  i n  b u f f e r  (lmg
p r o t e i n /  m l ) ,  a t  37°  C, e m i t t e d  l i g h t  o f  a bou t  2000 cpm g r e a t e r  t h a n  t h a t
o f  b u f f e r  a l o n e .  The u n c h a l l e n g e d  c he m i lum ine sc e nce  o f  h e p a t i c  microsomes
from t u m o u r - b e a r i n g  mice d id  no t  d i f f e r  f rom t h a t  o f  c o n t r o l  a n i m a l s .  
None o f  t h e  f r e e  r a d i c a l  s c a v e n g e r s ,  a n t i o x i d a n t  d e f e n c e  enzymes,  s i n g l e t  
oxygen q u e n c h e r s  o r  a s c o r b a t e  a f f e c t e d  t h e  c h e m i lu m in e s c e n c e  o f  the  
m ic ro so m a l  s u s p e n s i o n s  p r i o r  to  the  a d d i t i o n  o f  FeCl^ .
Chem ilum inescence  o f  tumour and pulmonary microsomes  ( t a b l e s  4 . 6  and 
4 . 8 ) :  S t o r a g e  o f  pulmonary  and tumour microsomes  as  s u s p e n s i o n s  i n  20%
w/v g l y c e r o l  i n  p h o s p h a te  b u f f e r  a t  - 8 0 °  C, d i d  n o t  c a u s e  any a p p r e c i a b l e  
d i f f e r e n c e s  i n  t h e i r  c h e m i lu m in in e s c e n c e  d u r i n g  l i p i d  p e r o x i d a t i o n .  The 
peak o f  t h e  c h e m i lu m in e s c e n c e ,  e m i t t e d  d u r i n g  l i p i d  p e r o x i d a t i o n  o f  
microsomes from Lewis lung  ca rc in om as  was a p p r o x i m a t e l y  65% l e s s  t h a n  
t h a t  o f  t h e  r e f e r e n c e  t i s s u e ,  c o n t r o l  lung  ( t a b l e  4 . 6 ) .  The amount o f  
l i g h t  e m i t t e d ,  d u r i n g  l i p i d  p e r o x i d a t i o n  was e s t i m a t e d  to  ha v e  b e e n  a b o u t  
70% l e s s  i n  tumour microsomes  than  pulmonary microsomes ( t a b l e  4 . 7 ;  f i g .
4 . 4 ) .  The ch e m i lu m in e s c e n ce  o f  tumour microsomes  g e n e r a l l y  peaked  a t  7-15 
min a f t e r  t h e  i n i t i a t i o n  o f  the  r e a c t i o n :  a s h o r t e r  d u r a t i o n  t h a n  t h a t  
r e q u i r e d  by c o n t r o l  pulmonary  microsomes (15-20  m in ) .
l i ie cuem.LjLuiu-Liiesceucfc: ujl miciuauiues  1.1:0111 i n e  l ungs  01 m ice ,  Dear ing  
Lewis lung  c a rc inom as  peaked e a r l i e r  than  t h a t  o f  c o n t r o l  m ice ,  b u t  the  
peak c h e m i lu m in e s c e n c e  l e v e l  and t o t a l  c he m i lu m in e s c e n c e  d i d  no t  d i f f e r  
f rom t h a t  o f  t h e  c o n t r o l s  ( f i g .  4 . 4 ) .
Chem ilum inescence  o f  h e p a t i c  mic rosomes ( t a b l e s  4 . 8  and 4 . 9 ) :  H e p a t i c
m ic ro som es ,  t h a t  had been  s t o r e d  as  s u s p e n s i o n s  i n  g l y c e r o l / p h o s p h a t e  
b u f f e r  e m i t t e d  c o m p a r a t i v e l y  l i t t l e  c he m i lu m in e s c e n c e  when exposed  to  
F e C l ^ / a s c o r b a t e  ( f i g .  4 . 5 ) .  Doubl ing t h e  c o n c e n t r a t i o n  o f  FeCl^ o r  
a s c o r b a t e  d i d  no t  r e s u l t  i n  any a p p r e c i a b l e  i n c r e a s e  i n  chemi­
l u m i n e s c e n c e .  Chemiluminescence  was however  m o n i t o r e d  f o r  on ly  90 min 
a f t e r  t h e  i n i t i a t i o n  o f  p e r o x i d a t i o n .  The c he m i lu m in e s c e n c e  o f  h e p a t i c  
m ic ro som es ,  f rom t u m o u r - b e a r i n g  mice ,  t h a t  had been  s t o r e d  u n d e r  t h e  same 
c o n d i t i o n s  was, however ,  o n ly  m a r g i n a l l y  l e s s  t han  t h a t  o b s e rv e d  f o r
f r e s h  m ic rosom es :  took  20 to  30 min to  peak;  and was a p p r o x i m a t e l y  20-
f o l d  g r e a t e r  t han  t h a t  o f  c o n t r o l  h e p a t i c  microsomes ( t a b l e  4 . 7 ;  f i g .
4 . 5 ) .
I n  a l i m i t e d  s t u d y ,  t h e  ch e m i lu m in e s c e n ce  o f  g l y c e r o l /  p h o s p h a te  
b u f f e r - s t o r e d  microsomes  was m o n i to re d  f o r  more t h a n  90 min a f t e r  t h e
i n i t i a t i o n  o f  t h e  r e a c t i o n .  A r i s e  i n  c h e m i lu m in e s c e n c e ,  e q u i v a l e n t  to
t h a t  o b s e r v e d  f o r  f r e s h  h e p a t i c  m ic rosom es ,  o c c u re d  a t  a b o u t  120 min 
a f t e r  a d d in g  FeCl^ to  the  m i x t u r e  ( f i g s .  4 . 7  and 4 . 8 ) .  The i n c l u s i o n  o f  
SOD o r  v i t a m i n  E a c e t a t e  p r e v e n t e d  t h i s  d e l a y e d  c he m i lu m in e s c e n c e
e m i s s i o n  ( f i g s .  4 . 7  and 4 . 8 ) .  A second p a r a l l e l  c h e m i lu m in e s c e n c e
r e a c t i o n  d i d  n o t  a r i s e  f rom th e  microsomes o f  t u m o u r - b e a r i n g  a n i m a l s .
T B A - r e a c t i v e  m a t e r i a l  p r o d u c t i o n  d u r i n g  i r o n / a s c o r b a t e - i n d u c e d  l i p i d  
p e r o x i d a t i o n  ( t a b l e  4 . 9 )
L i p i d  p e r o x i d a t i o n ,  m o n i to re d  by d e t e r m i n a t i o n  o f  T B A - r e a c t i v e
s u b s t a n c e s ,  o f  h e p a t i c  microsomes t h a t  had been  s t o r e d  as  s u s p e n s i o n s  in
TABLE 4.9 - Ascorbate/FeCl„-induced THIOBARBITURIC ACID-REACTIVE
MATERIAL PRODUCTION by microsomes  o f  h e p a t i c  and tumour 
t i s s u e  from Lewis lung  c a r c i n o m a - b e a r i n g  C57BL6 m ic e ,  and 
by h e p a t i c  microsomes  o f  t u m o u r - f r e e  c o n t r o l s  
R e s u l t s  r e p r e s e n t  mean + SEM f o r  6 mice a t  each  t ime 
i n t e r v a l .  Microsomes were s t o r e d  as  s u s p e n s i o n s  i n  50mM 
p h o s p h a te  b u f f e r  (pH 7 . 4 ) ,  c o n t a i n i n g  20% w/v g l y c e r o l  and 
ImM EDTA, a t  -80  C p r i o r  to  a n a l y s i s .  Time (min)  to  maximal 
change i n  TBA r e a c t i o n  shown i n  b r a c k e t s .
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  the  s t a n d a r d .
L i v e r T u m o u r
Time a f t e r  
i m p l a n t a t i o n  
o f  tumour 
( d a y s )
C o n t r o l  Tum our -bear ing
(nmol MDA equiv/mg p r o t e i n ,  a t  37°C, pH 7 . 4 )
13 51 + 4 
(46 + 2 )
84 + 9a 
(42 + 4)
9 .9  + 1 .8  
( 2 3 +  2 )
15 49 + 5 
(42 + 3)
79 + 10a 
(42 + 4)
11 + 2 
(23 + 3)
17 53 + 4 
(46 + 2)
102 + 6a 
(45 + 5)
13 + 1 
(24 + 2)
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
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FIG. 4 . 3  -  E f f e c t  o f  V i t am in  E o r  BHT upon FeC l^ / a s c o r b a t e  
In d u ce d  Chem ilum inescence  o f  F r e s h  H e p a t i c  
Microsomes.
(•---------- •) C o n t r o l  (h---------- k) + V i tam in  E
(o--------- o) + BHT
[ R e s u l t s  = mean + SEM -  s e e  main  t e x t  f o r  d e t a i l s ]
g l y c e r o l /  p h o s p h a te  b u f f e r ,  peaked a t  a b o u t  40 t o  45 min a f t e r  a d d i t i o n  
o f  FeCl^ .  The p r o d u c t i o n  o f  m a l o n d i a l d e h y d e - l i k e  m a t e r i a l  by m ic rosom es ,  
f rom t h e  l i v e r s  o f  t u m o u r - b e a r i n g  mice ,  was s i g n i f i c a n t l y  g r e a t e r  than  
t h a t  o f  c o n t r o l  mice.  The g e n e r a t i o n  o f  T B A - re a c t i v e  m a t e r i a l  f rom i r o n /  
a s c o r b a t e - c h a l l e n g e d  tumour microsomes was a p p r o x i m a t e l y  20% o f  t h a t  
p roduced  by c o n t r o l  l i v e r  m ic rosom es ,  and took  20 to  25 min to  r e a c h  a 
maximum.
E f f e c t  o f  f r e e - r a d i c a l  s c a v e n g e r s  and a c t i v e  oxygen q u e n c h e r s
C a t a l a s e  caused  a pronounced  i n h i b i t i o n  o f  i r o n / a s c o r b a t e - m e d i a t e d  
c h e m i lu m in e s c e n ce  of  l i v e r ,  lung  and tumour mic rosomes  ( t a b l e  4 . 1 0 ;  f i g .
4 . 6 ) .  Adding c a t a l a s e  a t  t h e  peak o f  t h e  c h e m i lu m in e sc e n ce  r e s p o n s e ,  o r  
u s e  o f  d e n a t u r e d  c a t a l a s e ,  c aused  n e g l i g i b l e  i n h i b i t i o n  o f  chemi­
lu m i n e s c e n c e .  C a t a l a s e  i n h i b i t e d  T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n  by 
a b o u t  60% ( t a b l e  4 . 1 2 ) .
SOD d id  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  d e g r e e  o f  h e p a t i c  m ic ro som a l  
c h e m i lu m in e s c e n ce  or  T B A - re a c t i v e  m a t e r i a l  p r o d u c t i o n  ( t a b l e s  4 .1 0  and
4 . 1 2 ) ,  b u t  d i d  d e l a y  t h e  peak o f  T B A - r e a c t i v i t y  by abou t  30 min ( t a b l e
4 . 1 2 ) .  The c he m i lum ine sc e nce  o f  tumour microsomes was a lm o s t  c o m p l e t e l y
i n h i b i t e d  by SOD ( t a b l e  4 . 1 0 ) .  SOD a l s o  i n h i b i t e d  t h e  s low o n s e t  chemi­
lu m in e s c e n c e  o f  h e p a t i c  p h o s p h a t e - b u f f e r /  g l y c e r o l - s t o r e d  microsomes  from 
t u m o u r - f r e e  an im a ls  ( s e e  e a r l i e r ;  f i g .  4 . 8 ) ) .
V i tam in  E ( G J - to c o p h e r o l  a c e t a t e )  i n h i b i t e d  t h e  c h e m i lu m in e s c e n c e  o f  
p e r o x i d i z i n g  h e p a t i c  mic rosomes  by a bou t  9% ( t a b l e  4 . 1 0 ;  f i g -  4 . 3 )  and 
th e  T B A - re a c t i v e  m a t e r i a l  p r o d u c t i o n  by 25% ( t a b l e  4 . 1 2 ) .  The peak  o f  t h e  
h e p a t i c  m ic rosom al  T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n  was d e l a y e d  by a b o u t  
30 min,  i n  t h e  p r e s e n c e  o f  O ' - t o c o p h e r o l .  E t h a n o l ,  a t  t h e  same f i n a l
c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  m i x t u r e  as when used  to  s o l u b i l i z e  OL 
- t o c o p h e r o l ,  p r o b a b l y  a c c o u n te d  f o r  a bou t  h a l f  t h e  i n h i b i t i o n  o f  l i p i d
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FIG. 4 . 4  -  FeCl ,,/ a s c o r b a t e - i n d u c e d  C hem i lum inescence  o f
P h o s p h a te  b u f f e r / g l y c e r o l - s t o r e d  microsomes  from 
Lungs and Tumour o f  Mice t h a t  had  Borne Lewis  
Lung Carcinomas f o r  15 d a y s .
(•------- ») Lung o f  t u m o u r - f r e e  m ice  [n=6 ]
(*------- *) Lung o f  t u m o u r - b e a r i n g  mice  [n=6 ]
(*------- *) Lewis lung  c a rc in o m a  [n=6 ]
[ R e s u l t s  = mean + SEM -  s e e  main  t e x t  f o r  d e t a i l s ]
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FIG. 4 .5  -  FeCl^ / a s c o r b a t e - i n d u c e d  Chem ilum inescence  o f
P h o s p h a t e  b u f f e r / g l y c e r o l - s t o r e d  mic rosomes  from 
L i v e r s  o f  Mice t h a t  had Borne Lewis Lung C arc in om as  
f o r  15 days .
(•  •) Tum our - f ree  C o n t r o l s  [n=6 ]
(*--------- x )  Tum our-bear ing  [n=6 ]
[ R e s u l t s  = mean + SEM -  s e e  main  t e x t  f o r  d e t a i l s ]
TABLE 4.10 - Effect of Catalase, SOD or Vitamin E Acetate Upon
Ascorbate/FeCl^-induced Microsomal Chemiluminescence
A n t i o x i d a n t  F i n a l  Number o f
c o n c e n t r a t i o n  samples
T i s s u e Maximal  chemi­
l u m i n e s c e n c e  
(% o f  e x p e c t e d )  
l u m i n e s c e n c e )
C a t a l a s e 1300 Sigma 
u n i t s / m l  
1300 Sigma 
u n i t s / m l
3 l i v e r
l i v e r
*
0
C a t a l a s e 3 85
C a t a l a s e 1300 Sigma 
u n i t s / m l  
1300 Sigma 
u n i t s / m l
2 lung 0
C a t a l a s e 2 Lewis lung  ^ 
ca rc inom a
6
C a t a l a s e
( b o i l e d )
1300 Sigma 
u n i t s / m l
2 l i v e r 88
SOD 1400 Sigma^ 
u n i t s / m L  
1400 Sigma 
u n i t s / m l  
1400 Sigma 
u n i t s / m l  
1400 Sigma 
u n i t s / m l
3
«JU
l i v e r
i • # l i v e r
103
SOD 2 97
SOD 2 Lewis lung  ^ 
c a rc inom a
5
SOD 2 PO4 / g l y c e r o l  
b u f f e r - s t o r e d  
l i v e r
15
V i t a m in  E 0.  7mM 2 l i v e r , ,
l i v e r
91
V i t a m in  E 0.  7mM 2 116
V i t a m in  E 0.  7mM 2 Lewis lung  ^ 
c a rc inom a
122
E t h a n o l 2.3% w/v 2
J L
l i v e r 94
Added b e f o r e  p e r o x i d a t i o n  r e a c t i o n  was i n i t i a t e d  w i th  FeCl.
Added when c h e m i lu m in e s c e n ce  was maximal .
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FIG.  4 . 6  -  E f f e c t  o f  V i tam in  E o r  C a t a l a s e  upon F e C l ^ /
a s c o r b a t e - i n d u c e d  C h e m i lum inescence  o f  P h o s p h a t e  
b u f f e r / g l y c e r o l —s t o r e d  Tumour Microsomes from 
Mice t h a t  had Borne Lewis  Lung C arc in om as  f o r  17 
Days.
(o------- o) Control (*------- * )  + Vitamin E
(•— — — — •) + Catalase
[Results = mean + SEM — see main text for details]
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FIG. 4 . 7  -  E f f e c t  o f  V i t a m in  E upon F e C l ,./ a s c o r b a t e -
induce d  Chem iluminescence  o f  P h o s p h a t e  b u f f e r /  
g l y c e r o l - s t o r e d  Microsomes from t h e  L i v e r s  o f  
T um our- f ree  Mice.
(•-----------•) C o n t r o l  (p-----------o) + V i t a m in  E
[ R e s u l t s  = mean + SEM -  s e e  main t e x t  f o r  d e t a i l s ]
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FIG. 4 . 8  -  E f f e c t  o f  S u p e r o x id e  D is m u ta s e  upon F e C l ^ /
a s c o r b a t e - i n d u c e d  Chem ilum inescence  o f  P h o s p h a t e  
b u f f e r / g l y c e r o l - s t o r e d  Microsomes from t h e  L i v e r s  
o f  T um o u r - f re e  Mice.
(•"—— —*) C o n t r o l  (°—  -------0) + SOD
[ R e s u l t s  = mean + SEM -  s e e  main t e x t  f o r  d e t a i l s ]
TABLE 4.11 - Effects of Various Free Radical Scavengers Upon
Ascorbate/FeCl^-induced Microsomal Chemiluminescence
Scavenger  F i n a l  Number o f
c o o c e n t r a t i o n  samples
D-Mannito l  lOmM 3
D-Mannito l  lOmM 2
D-Mannito l  lOmM 2
T h i o u r e a  ImM 3
T h io u re a  ImM 2
Sodium a z i d e  lOmM 2
DMSO 30mM 2
BHT 0 . 5mM 3
BHT 0 . 5mM 2
DABCO lOOmM 3
DABCO lOOmM 2
DABCO lOOmM 2
DABCO lOOmM 2
T i s s u e
l i v e r
i • *l i v e r
Lewis lung  
c a rc inom a
l i v e r
Lewis lung  
c a rc inom a
l i v e r
l i v e r
l i v e r
l i v e r
l i v e r
T  * l i v e r
Lewis lung  ^ 
c a rc inom a  
Lewis lung  ^ 
c a rc inom a
Maximal  chemi­
l u m in e s c e n c e  
[7o o f  e x p e c t e d  
l u m i n e s c e n c e )
74
61
61
43
38
92
92
19
58
6
41
2
61
Added b e f o r e  p e r o x i d a t i o n  r e a c t i o n  was i n i t i a t e d  w i t h  FeCl^.  
Added when c h e m i lu m in e s c e n ce  was maximal.
TABLE 4.12 - Effects of Variations in Test Conditions, and of Various
F r e e  R a d i c a l  Sc a v e n g e r s  upon A s c o r b a t e / F e C l ^- i n d u c e d  
M ic rosomal  T h i o b a r b i t u r i c  A c i d - r e a c t i v e  M a t e r i a l  
P r o d u c t i o n
R e a c t i o n  System % o f  e x p e c t e d  
T B A - r e a c t i v e  
m a t e r i a l  
p r o d u c t i o n
Time to  max 
T C A - r e a c t i v e  
m a t e r i a l  
p r o d u c t i o n
C o n t r o l :  20 mM a c o r b a t e  
+ 4 mM FeC l3 + 4 mM ADP
Blank :  c o n t r o l  s y s te m  w i t h  no ADP
Blank :  C o n t r o l  s y s te m  w i t h  no FeCl^
0 .1  mM 11^02 + 4 mM FeCl^
C o n t r o l  + SOD (1400 Sigma 
u n i t s / m l )
R
RC o n t r o l  + C a t a l a s e  (1300 Sigma 
u n i t s / m l )
C o n t r o l  + O J - to c o p h e ro l  ( 0 .7  mM)
C o n t r o l  + E t h a n o l  (2.3% v / v )
C o n t r o l  + D-M ann i to l  (25 mM)
C o n t r o l  + BHT ( 0 . 5  mM)
C o n t r o l  + T h i o u r e a  (1 mM)
C o n t r o l  + Sodium Azide  (10 mM)
C o n t r o l  + DABCO (50 mM)
100
29
6
17 
102
42
75
86
82
18 
68 
85 
12
40
50
60
50
70
40
70
40
70
50
60
40
50
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FIG. 4 .9  -  E f f e c t  o f  DABCO o r  M a n n i t o l  upon F e C l^ /
a s c o r b a t e - i n d u c e d  C he m i lum ine sce nc e  o f  p h o s p h a t e  
b u f f e r / g l y c e r o l - s t o r e d  Tumour Microsomes from 
Mice t h a t  had Borne Lewis  lung  Carc inomas  f o r  17 
Days.
(•— ——•)  C o n t r o l  (o  o) + DABCO
(*----------*) + M a n n i to l
[ R e s u l t s  = mean + SEM -  s e e  main  t e x t  f o r  d e t a i l s ]
C
he
m
ilu
m
in
es
ce
nc
e 
(c
pm
/ 
mg
 
pr
ot
ei
n)
 
IN 
TH
O
U
SA
N
D
S
7 0 0 -
Antioxidant added
6 0 0 -
5 0 0 -
4 0 0 -
3 0 0 -
200 -
100 -
10 6 020 5 04 03 0
Time afte r s ta rt of reac tion  (min)
FIG. 4 .1 0  -  E f f e c t  o f  DABCO upon F e C l 0 / a s c o r b a t e - i n d u c e d
Chem iluminescence  o f  P h o s p h a t e  b u f f e r / g l y c e r o l -  
s t o r e d  Microsomes from t h e  L i v e r s  o f  Mice t h a t  
had  Borne Lewis Lung C arc in om as  f o r  15 d a y s .
(•————♦) C o n t r o l  -  no DABCO
(o—— -—o) DABCO added a t  peak  o f  r e a c t i o n
(x— ■-x ) DABCO added b e f o r e  r e a c t i o n  i n i t i a t e d
[ R e s u l t s  = mean + SEM — s e e  main  t e x t  f o r  d e t a i l s ]
p e r o x i d a t i o n  by OL- t o c o p h e r o l  ( t a b l e s  4 .1 0  and 4 . 1 2 ) .  A d d i t i o n  o f  (X 
- t o c o p h e r o l  to  the  r e a c t i o n  m i x t u r e  a t  t h e  peak o f  c h e m i lu m in e s c e n ce  
r e s p o n s e ,  c aused  a 16% i n c r e a s e  i n  l i g h t  e m i s s i o n  ( t a b l e  4 . 1 0 ) .  OL- 
T o c o p h e ro l  i n c r e a s e d  the  c h e m i lu m in e sc e n ce  o f  tumour microsomes by 22% 
( t a b l e  4 . 1 0 ,  f i g  4 . 6 ) .
The *0H r a d i c a l  s c a v e n g e r s ,  DMSO, m a n n i t o l  and t h i o u r e a  caused  
a p p r e c i a b l e  i n h i b i t i o n  o f  t h e  c h e m i lu m in e s c e n ce  o f  p e r o x i d i z i n g  h e p a t i c  
and tumour mic rosomes ( t a b l e  4 . 1 1 ;  f i g .  4 . 9 ) .  T B A - r e a c t i v e  m a t e r i a l  
p r o d u c t i o n  was p a r t i a l l y  i n h i b i t e d  by *0H r a d i c a l  s c a v e n g e r s  ( t a b l e
4 . 1 2 ) .  T h i o u r e a  was the  most  p o t e n t  o f  t h e  s c a v e n g e r s  u s e d .
Sodium a z i d e  i n h i b i t e d  the  c h e m i lu m in e s c e n ce  o f  h e p a t i c  microsomes  
by 8% ( t a b l e  4 . 1 1 ) ,  and the  T B A - re a c t iv e  m a t e r i a l  p r o p d u c t i o n  o f  t h e s e  
microsomes by 15% ( t a b l e  4 . 1 2 ) .  DABCO c o m p l e t e l y  i n h i b i t e d  t h e  chemi­
l u m i n e s c e n c e  o f  h e p a t i c  and tumour microsomes  and c o n s i d e r a b l y  i n h i b i t e d  
t h e  T B A - re a c t i v e  m a t e r i a l  p r o d u c t i o n  by h e p a t i c  microsomes  ( t a b l e s  4 .11  
and 4 . 1 2 ;  f i g  4 . 1 0 ) .  A d d i t i o n  o f  DABCO to  p e r o x i d i z i n g  tumour o r  h e p a t i c  
m ic rosom es ,  when chem i lum inescence  was maximal ,  s u b s t a n t i a l l y  b l o c k e d  the  
e n s u in g  l i g h t  e m i s s io n  ( t a b l e  4 . 1 1 ;  f i g s  4 . 9  and 4 . 1 0 ) .
BHT i n h i b i t e d  t h e  c h e m i lu m in e s c e n ce  and T B A - re a c t i v e  m a t e r i a l  
p r o d u c t i o n  o f  p e r o x i d i z i n g  h e p a t i c  m ic rosom es ,  by a bou t  80% ( t a b l e s  4 .1 1  
and 4 . 1 2 ;  f i g .  4 . 3 ) .
DISCUSSION
C o n c e n t r a t i o n s  o f  M a l o n d i a l d e h y d e - l i k e  M a t e r i a l
The two d i f f e r e n t  T B A -p roc e du re s , u sed  i n  t h e  p r e s e n t  s t u d i e s  to  
d e t e r m i n e  m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s ,  a g re e d  q u a l i t a t i v e l y  w i t h  
p r e v i o u s  s t u d i e s  (Cape l  and T h o r n l e y ,  1983) .  Whole t i s s u e  homogenates
were used  i n s t e a d  o f  t h e  T C A - p r e c i p i t a t e s  o f  o f  t h e  e a r l i e r  work;  the  
i n c r e a s e d  T B A - re a c t i v e  s u b s t a n c e s  i n  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  mice 
were t h u s  no t  due to  t u m o u r - in d u c ed  changes  i n  h e p a t i c  c o n c e n t r a t i o n s  o f  
a c i d - s o l u b l e  a n t i o x i d a n t s  o r  p r o - o x i d a n t s ,  such  as  a s c o r b a t e  o r  GSH. As 
f r e e - r a d i c a l  m e d i a t e d  damage t o  v i r t u a l l y  a l l  t y p e s  o f  c e l l  c o n s t i t u e n t  
can be e x p r e s s e d  by T B A - r e a c t i v i t y  ( G u t t e r i d g e ,  1 982a ) ,  t h a t  o f  h e p a t i c  
and tumour t i s s u e s ,  f rom Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  was p r o b a b l l y  
a t i s s u e  component ,  such  as membrane l i p i d ,  p r o t e i n  o r  DNA, p r e c i p i t a t e d  
by TCA.
F r e e  r a a lo n d ia ld e h y d e  c o n c e n t r a t i o n s  o f  m urine  t i s s u e s  were c o n s i d ­
e r a b l y  l e s s  th a n  T B A - re a c t iv e  m a t e r i a l ;  i n d i c a t i n g  t h a t  T B A - re a c t i v e  
m a t e r i a l  was p r o b a b l y  g e n e r a t e d  from th e  breakdown o f  l i p o p e r o x i d e s  
d u r i n g  t h e  t e s t  i t s e l f  ( G u t t e r i d g e ,  1982a ) .  The s i m i l a r i t y  i n  t h e  f r e e  
m a l o n d ia l d e h y d e  c o n c e n t r a t i o n s  be tween  t h e  l i v e r s  o f  t u m o u r - f r e e  and 
t u m o u r - b e a r i n g  mice s u g g e s t s  t h a t ,  w h i l e  t h e  a n im a l s  were a l i v e ,  l i p i d  
p e r o x i d a t i o n  i n  t u m o u r - b e a r i n g  mice d i d  no t  d i f f e r  f rom t h a t  o f  t h e  
c o n t r o l s .  However t h e  l e v e l s  o f  m a l o n d ia l d e h y d e  were v e r y  v a r i a b l e ,  
p r o b a b l y  b e c a u s e  the  c o n c e n t r a t i o n s  o f  m a l o n d ia l d e h y d e  were a t  t h e  l i m i t s  
o f  d e t e c t i o n .  As r a a lo n d ia ld e h y d e  i s  r a p i d l y  m e t a b o l i z e d  i n  v i v o  ( S i u  and 
D r a p e r ,  1982 ) ,  i t  may have  a r i s e n  from a u t o x i d a t i o n  d u r i n g  p r e p a r a t i o n  
and s t o r a g e  o f  t i s s u e s .
Lewis lung c a r c in o m a s ,  u s e d  in  t h e  p r e s e n t  s t u d i e s ,  had s u b s t a n t i a l  
n e c r o t i c / h y p o x i c  and h a e m o r rh a g ic  components  ( C h a p t e r  2 ) .  H o m o g e n i s a t i o n  
o f  Lewis lung  ca rc inom a  t i s s u e  would have  exposed  t h e s e  components  to  t h e  
a i r ,  and might  have i n i t i a t e d  a u t o x i d a t i o n .  The d i s r u p t i o n  o f  t i s s u e  by 
h o m o g e n i s a t i o n  m igh t  have e n a b le d  o x i d a n t s ,  such  as  h a e m og lob in  o r  i r o n  
(M is ra  and F r i d o v i c h ,  1972) ,  t o  i n t e r r a c t  w i t h  c e l l  components  t h a t  were 
p r o t e c t e d  i n  v i v o  by c o m p a r t r a e n t a l i z a t i o n  and t h e  c o m p a r a t i v e l y  low 
oxygen t e n s i o n s  i n  t h e  tumour.  H e p a t i c  t i s s u e  m igh t  have  s i m i l a r l y  been
exposed  to  o x i d a t i v e  s t r e s s ,  a f t e r  removal  f rom th e  a n i m a l ,  i n d i c a t i n g  
t h a t  a s u b s t a n t i a l  component  o f  m a l o n d ia l d e h y d e  and T B A - re a c t i v e  
s u b s t a n c e s ,  d e t e c t e d  in  an im a l  t i s s u e s ,  may have  been  e x p e r i m e n t a l  
a r t e f a c t s .  T h i s  a r t e f a c t u a l  component  m igh t  have be e n  more i n d i c a t i v e  of  
t h e  s u s c e p t i b i l i t y  o f  t i s s u e s  to  l i p i d  p e r o x i d a t i o n ,  d u r i n g  a u t o x i d a t i v e  
i n s u l t  t h a n  o f  i n  v i v o  p e r o x i d a t i o n .  The p r e s e n t  s t u d i e s  may have  been  
l e s s  ambiguous i f  an a n t i o x i d a n t  had been  i n c l u d e d  i n  t h e  hom ogen iz ing  
medium and e f f o r t s  had been  made t o  e x c lu d e  oxygen d u r i n g  t h e  p r e p a r a t i o n  
o f  t i s s u e  sam ples .
The TBA-Test
S t u d i e s ,  compar ing  the  e f f e c t i v e n e s s  o f  v a r i o u s  a c i d  r e a g e n t s  i n  
p rom o t ing  the  d e c o m p o s i t i o n  o f  m a l o n d ia l d e h y d e  p r e c u r s o r s  f rom a u t o x -  
i d i z e d  pure  p o l y u n s a t u r a t e d  f a t t y  a c i d s ,  have shown t h a t  p h t h a l a t e  
b u f f e r ,  pH 3 . 5 ,  was the  most e f f e c t i v e  p rom o te r  o f  T B A - r e a c t i v i t y  
( G u t t e r i d g e ,  1982a) .  I n o r g a n i c  a c i d  (25% w/v HC1), however ,  promoted  
g r e a t e r  T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n  from membrane p h o s p h o l i p i d ,  a 
complex l i p i d  m i x t u r e ,  than  d i d  p h t h a l a t e  ( G u t t e r i d g e ,  1982a ) .  I t  t h u s  
m igh t  be conc luded  t h a t  d i f f e r e n t  o x i d i z a b l e  s u b s t r a t e s  r e q u i r e  d i f f e r e n t  
a c i d  c o n d i t i o n s  to  o b t a i n  o p t i m a l  T B A - r e a c t i v i t y .  The r e s u l t s  o f  t h e  
p r e s e n t  s t u d i e s  i n d i c a t e  t h a t  i s  a more s u i t a b l e  medium f o r
d e t e r m i n i n g  t h e  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  h e p a t i c  t i s s u e ,  
w h i l e  p h t h a l a t e  b u f f e r ,  which a l l o w e d  a g r e a t e r  p r o d u c t i o n  o f  TBA -  
r e a c t i v e  m a t e r i a l  f rom Lewis lung  th a n  d i d  m igh t  be t h e  b e t t e r  a c i d
medium f o r  tumour t i s s u e .
The a n t i o x i d a n t ,  BHT, d i d  n o t  i n t e r f e r e  w i t h  t h e  r e a c t i o n  b e tw e en  
m a l o n d ia l d e h y d e  s t a n d a r d s  and TBA, b u t  b l o c k e d  i r o n / a s c o r b a t e - p r o m o t e d  
l i p i d  p e r o x i d a t i o n ,  i n h i b i t i n g  b o th  a p p l i c a t i o n s  o f  t h e  T B A - te s t  by a b o u t  
50-60%. This  i n f e r r e d  t h a t  40-50% o f  t h e  p r o d u c t s  o f  t h e  t e s t  were  formed 
by l i p i d  p e r o x i d a t i o n  d u r i n g  t h e  a s s a y  i t s e l f .  S t u d i e s  e l s e w h e r e  have
shown t h a t  BHT s i g n i f i c a n t l y  i n h i b i t s  t h e  T B A - r e a c t i v i t y  o f  r a t  l i v e r ,  
d e c r e a s i n g  t h e  T B A - re a c t iv e  m a t e r i a l  c o n c e n t a t i o n s  o f  a g in g  o r  
c h e m i c a l l y - i n t o x i c a t e d  l i v e r s  to  t h a t  o f  h e a l t h y  young t i s s u e  (Mihara  and 
Uchiyama,  1983) .  The p a t t e r n  o f  T B A - r e a c t i v i t y  o f  h e p a t i c  t i s s u e  from 
t u m o u r - b e a r i n g  mice p o s s i b l y  r e s s e m b le d  t h a t  o f  p a t h o l o g i c a l l y - d a m a g e d  
l i v e r .
The p r e s e n t  s t u d i e s ,  i n  which i t  was o b s e r v e d  t h a t  DETAPAC d i d  no t  
a f f e c t  t h e  T B A - r e a c t i v i t y  o f  normal  l i v e r  o r  t h a t  o f  tumour t i s s u e ,  
a g re e d  w i t h  o t h e r  s t u d i e s  i n  which th e  a d d i t i o n  o f  i r o n  s a l t  o r  EDTA was 
ob s e rv e d  no t  to  a f f e c t  the  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  
h e p a t i c  t i s s u e  (K o r n b ru s t  and M avis ,  1980a; M iha ra  and Uchiyama, 1983) .  
DETAPAC d i d ,  however ,  d e c r e a s e  the  T B A - re a c t i v e  m a t e r i a l  c o n c e n t r a t i o n  o f  
h e p a t i c  t i s s u e  from Lewis lung tu m o u r - b e a r i n g  m ic e ,  to  a l e v e l  be low t h a t  
o f  c o n t r o l  l i v e r .  The i n c r e a s e d  h e p a t i c  T B A - r e a c t i v i t y  o f  t u m o u r - b e a r i n g  
mice m ig h t  t hus  have been  caused by r a i s e d  c o n c e n t r a t i o n s  o f - f r e e  i r o n  in  
t h e  l i v e r s  o f  t h e s e  a n i m a l s .  Cancer  has  been  r e p o r t e d  to  c a u s e  changes  in
the  d i s t r i b u t i o n  o f  body i r o n :  d e c r e a s i n g  i n  t h e  b l o o d ;  and a c c u m u la t in g
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i n  t h e  l i v e r ,  s p l e e n  and bone marrow (Weinberg ,  1981) .
The T B A - te s t ,  u s i n g  H^SO^ as  t h e  a c i d  medium was c o n s i d e r a b l y  more 
s e n s i t i v e  than  t h a t  u s i n g  p h t h a l a t e  b u f f e r .  The d i s p a r i t y  m igh t  ha v e  been  
c a u se d  by t h e  d i f f e r e n c e  be tween  t h e  l e n g t h  o f  t h e  i n c u b a t i o n  p e r i o d s ,  
employed by t h e  two p r o c e d u r e s .  As t h e  p h t h a l a t e - b u f f e r  method r e q u i r e d  
o n ly  a 10 m inu te  i n c u b a t i o n  bu t  g e n e r a l l y  y i e l d e d  much lower  concen­
t r a t i o n s  o f  T B A - re a c t iv e  m a t e r i a l ,  t h i s  p r o c e d u r e  m igh t  have  been  more 
s u s c e p t i b l e  to  i n t e r f e r e n c e  from s i d e - r e a c t i o n s , t h a t  p o s s i b l y  o c c u r  in  
impure  s u b s t r a t e s  such as  b i o l o g i c a l  s a m p le s .  I n  t h e  p r e s e n t  s t u d i e s ,  
o x i d i z e d  c e l l u l a r  c o n s t i t u e n t s ,  o t h e r  t h a n  PUFA, may ha v e  c o n t r i b u t e d  to  
t h e  T B A - r e a c t i v e  m a t e r i a l ,  d e t e r m i n e d  f o r  mic rosomes  o r  t i s s u e  
horaogena te s .  As t h e  H^SO^-using a p p l i c a t i o n  o f  t h e  T B A - te s t  had a much
l o n g e r  i n c u b a t i o n  p h a s e  th a n  t h e  p h t h a l a t e  b u f f e r  method ,  a r e l a t i v e l y  
g r e a t e r  p r o p o r t i o n  o f  t h e  T B A - re a c t iv e  s u b s t a n c e s ,  d e t e c t e d  by t h i s  
m ethod,  m igh t  have been  o f  n o n - l i p i d  o r i g i n .
The a p p l i c a t i o n  o f  t h e  TBA method,  employ ing p h t h a l a t e  b u f f e r  had a
s m a l l e r  s t a n d a r d  e r r o r  and was more r e p r o d u c i b l e  than  t h e  a l t e r n a t i v e
p r o c e d u r e .  F u r t h e r  e x p e r i m e n t s  a r e  r e q u i r e d  to  d e t e r m i n e  which p r o c e d u r e  
g i v e s  t h e  most  a c c u r a t e  q u a n t i f i c a t i o n  o f  l i p o p e r o x i d e s  i n  animal  
t i s s u e s .  One approach  m igh t  be to  t r e a t  t i s s u e  samples  a t  100° C, in
v a r i o u s  a c i d  r e a g e n t s  and th e n  d e t e r m i n e  t h e  t ime c o u r s e  o f  malon­
d i a l d e h y d e  p r o d u c t i o n ,  u s i n g  th e  HPLC s e p a r a t i v e  t e c h n i q u e  ( d e s c r i b e d  
e a r l i e r ) .  The r e s u l t s  o f  t h e  p r e s e n t  s t u d i e s  would a d v o c a t e  t h e  use  o f  
a n t i o x i d a n t s ,  to  p r e v e n t  s p u r i o u s  a u t o x i d a t i o n  d u r i n g  t h e  a c i d / h e a t i n g
c o n d i t i o n s  o f  the  T B A - te s t .
C o r r e l a t i o n  be tw een  c h e m i lu m in e s c e n ce  and T B A - re a c t i v e  m a t e r i a l  
p r o d u c t i o n :  I r o n / a s c o r b a t e - i n d u c e d  c he m i lum ine sc e nce  o f  r a t  h e p a t i c
microsomes  has  b e e n ; shown to be c l o s e l y  r e l a t e d  to T B A - r e a c t i v e  m a t e r i a l  
p r o d u c t i o n  (Wr ight  e t  a l , 1979) .  The F e C l ^ / a s c o r b a t e - i n d u c e d  sy s te m  was
a d d i t i o n a l l y  s u i t a b l e  f o r  the  p r e s e n t  i n v e s t i g a t i o n s  b e c a u s e  i t  was no t  
de p e n d e n t  upon any endogenous  enzymes ( t h e  NADPH-system r e q u i r e s  c y t o ­
chrome P450 r e d u c t a s e ) .  Th is  t y p e  o f  r e a c t i o n  sys tem  has  been  r e f e r r e d  to  
as  non-enzym ic  (Wright  e t  a l , 1979) .  Any p e r o x i d a t i o n  o c c u r i n g  d u r i n g  t h e  
100° C t e m p e r a t u r e s  o f  t h e  TB A- te s t  must a l s o  be no n -en z y m ic ;  t hus  a 
non-enzym ic  i n  v i t r o  p e r o x i d a t i o n  sys te m  was more r e l e v a n t  to  t h e  a s s a y s
o f  T B A - r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n  th a n  an enzymic one.
The maximal l e v e l s  o f  c he m i lum ine sc e nce  and T B A - r e a c t i v e  m a t e r i a l  
p r o d u c t i o n  were o b s e rv e d  in  t h e s e  s t u d i e s  to  o c c u r  a t  90 t o  120 min,  
a f t e r  t h e  s t a r t  o f  the  r e a c t i o n .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  t h e  
c he m i lu m in e s c e n c e  and T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n  o f  f r e s h  h e p a t i c  
microsom es  maximized a t  a bou t  40 min,  i n d i c a t i n g  a p o s s i b l e  s p e c i e s
difference in susceptibility to non-enzymic lipid peroxidation.
A n t i o x i d a n t s  and f r e e - r a d i c a l  s c a v e n g e r s  had s i m i l a r  e f f e c t s  upon 
b o t h  t h e  g e n e r a t i o n  o f  che ra i lum inescence  and T B A - re a c t iv e  m a t e r i a l .  The 
two d e t e c t i o n  t e c h n i q u e s  were t h e r e f o r e  p r o b a b l y  m on o to r in g  t h e  same type  
o f  c h e m i c a l  r e a c t i o n .  The o n s e t  o f  l i p i d  p e r o x i d a t i o n  i n  h e p a t i c  
m ic ro som es ,  t h a t  had been  s t o r e d  as  s u s p e n s i o n s  i n  p h o s p h a te  
b u f f e r / g l y c e r o l ,  was c o n s i d e r a b l y  d e l a y e d  whereas  the  g e n e r a t i o n  o f  
T B A - r e a c t i v e  m a t e r i a l  by t h e s e  microsomes  had a s i m i l a r  t i m e - c o u r s e  to  
t h a t  o f  f r e s h  mic rosomes .  The maximal p r o d u c t i o n  o f  T B A - r e a c t i v e  m a t e r i a l  
by s i m i l a r l y - s t o r e d  tumour microsomes  took  a p p r o x i m a t e l y  d o u b l e  t h e  t ime 
t h a t  c h e m i lu m in e s c e n ce  took to  maximise .  As m ic rosom al  l i p i d  p e r o x i d a t i o n  
was m easu red  by th e  TBA-method, s e v e r a l  h o u r s  a f t e r  t h a t  by 
c h e m i lu m in e s c e n c e ,  t h e  d i s p a r i t y  be tw een  the  two methods was p o s s i b l y  
ca use d  by changes a r i s i n g  in  t h e  m ic rosom al  s u s p e n s i o n s  d u r i n g  p r o lo n g e d  
r e f r i g e r a t i o n .  Th is  i n d i c a t e s  t h a t  the  e f f e c t  o f  s t o r a g e  i n  p h o s p h a te  
b u f f e r / g l y c e r o l  was r e v e r s i b l e .
I t  ha s  been r e p o r t e d  t h a t  m a l o n d ia l d e h y d e  i s  the  o n l y  s u b s t a n c e ,  
g e n e r a t e d  by ADP/Fe- induced l i p i d  p e r o x i d a t i o n ,  c a p a b l e  o f  r e a c t i o n  i n  
t h e  T B A - te s t  ( E s t e r b a u e r ,  1982) .  M a lo n d ia ld e h y d e  and l i g h t - e m i t t i n g  
s p e c i e s  a r e  formed by d i f f e r e n t  pathways and a t  d i f f e r e n t  t im e s  o f  t h e  
l i p i d  p e r o x i d a t i o n  c a s c a d e  ( B o v e r i s  e t  a l , 1981; C h a p te r  1 ) .  T h i s  m igh t  
have  been  r e f l e c t e d  by the  poor  k i n e t i c  c o r r e l a t i o n  b e tw e en  t h e  two 
m e thods ,  u s e d  i n  t h e  p r e s e n t  s t u d i e s  to  m o n i t o r  l i p i d  p e r o x i d a t i o n .
C h a r a c t e r i s a t i o n  o f  R e a c t i v e  S p e c i e s  i n  I r o n / a s c o r b a t e - i n d u c e d  
P e r o x i d a t i o n
L i g h t - e m i t i n g  s p e c i e s :  The p h o t o m u l t i p l i e r s  o f  most  l i q u i d  s c i n t i l l a t i o n
c o u n t e r s  a r e  s e n s i t i v e  to  l i g h t  o f  w a v e le n g th s  o f  up to  600 nm (Cadenas  
and S i e s ,  1984) .  The dimol  e m i s s io n  o f  a r i s i n g  a t  634 and 703 nm,
w i t h  a weak band a t  580 nm i s  t h u s  l i k e l y  t o  be l a r g e l y  u n d e t e c t e d  by 
most  l i q u i d  s c i n t i l l a t i o n  c o u n t e r s .  S i n g l e t  oxygen can be p roduced
c h e m i c a l l y  by t h e  p e r o x i d e - h y p o c h l o r i t e  r e a c t i o n  (Kanofsky ,  1 9 8 3 ) : -
o c T  + h 2o2 ------- ► l o2 + ■ h 2o + C l”
A r e a c t i o n  sys tem ,  c o m p r i s i n g  0.1% w/v NaOCL and 0.01% v / v  H202  i n  
0 .01 M NH^OH, has  been  o b s e r v e d ,  u s i n g  t h e  c h e m i lu m in e s c e n ce  d e t e c t i o n  
sys tem  o f  t h e  p r e s e n t  s t u d i e s ,  t o  produce  a p r o lo n g e d  l i g h t  e m i s s i o n  o f  
abou t  2 x 10^ cpm, l a s t i n g  i n  e x c e s s  o f  50 min ( P h i l l i p s o n  e t  a l , 1983) .
R
The a d d i t i o n  o f  2flH Luminol (400x d i l u t i o n ;  s e e  m ethods )  was o b s e r v e d  to
6i n c r e a s e  t h i s  l i g h t  e m i s s i o n  to  g r e a t e r  th a n  1 .8  x 10 cpm, t h a t  i s
beyond the  d e t e c t i o n  l i m i t s  o f  t h e  c o u n t e r .
A p r o p o r t i o n  o f  the  n o n - lu m in o l  m e d ia te d  lu m i n e s c e n c e ,  o b s e r v e d  i n
Rth e  p r e s e n t  s t u d i e s ,  m igh t  have  been  weak e m i s s io n  a t  580 nm. As Luminol  
had l i t t l e  e f f e c t ,  t h e  a s c o r b a t e - i n d u c e d  m ic rosom al  c h e m i lu m in e s c e n c e ,  
d e t e c t e d  i n  t h e  p r e s e n t  s t u d i e s ,  was p r o b a b l y  m a in ly  t h e  e m i s s i o n  o f  
e x c i t e d  c a r b o n y l  s p e c i e s .
C h a r a c t e r i s a t i o n  o f  S p e c i e s  M e d ia t in g  Microsomal  L i p i d  P e r o x i d a t i o n
S i n g l e t  oxygen:  DABCO and a z i d e  a r e  b e l i e v e d  to  quench ^02 by e l e c t r o n
t r a n s f e r  ( F o o te ,  1 9 7 9 ) : -
X0 2 + Q ----------► - 0 ~  + ‘ Q-   ► 30 2 + Q
(where  Q=quencher)
•
Azide  has  been  r e p o r t e d  t o  be c o n s i d e r a b l y  more r e a c t i v e  t h a n  DABCO 
( F o o t e ,  1979) .  I n  t h e  p r e s e n t  s t u d i e s ,  however ,  DABCO was a  c o n s p i c i o u s l y  
g r e a t e r  i n h i b i t o r  o f  l i p i d  p e r o x i d a t i o n  t h a n  a z i d e .  A z ide ,  a t  t h e  c onc ­
e n t r a t i o n s  used  i n  t h e s e  i n v e s t i g a t i o n s ,  may have  i n h i b i t e d  endogenous  
m ic rosom al  c a t a l a s e  (Fe ie rm an  and Cederbaum, 1983; Morehouse  e t  a l ,
1983) .  The i n h i b i t o r y  a c t i o n s  o f  a z i d e  upon l i p i d  p e r o x i d a t i o n  may thus  
have  been  c o u n t e r a c t e d  by t h e  i n h i b i t i o n  o f  ^ 2^2 m etab°l*-sm (Kakinuraa _et 
a l ,  1979) .
DABCO, a t  50-100 mM c o n c e n t r a t i o n ,  h a s  been  shown to  enhance  th e  
dimol  c h e m i lu m in e sc e n ce  o f  c h e m i c a l l y - p r o d u c e d  (Deneke and K r in s k y ,
1977) .  DABCO and a n o t h e r  t e r t i a r y  amine,  d i m e t h y l p i p e r a a z i n e ,  however ,  
have  been  r e p o r t e d  to  i n h i b i t  t h e  c h e m i lu m in e sc e n ce  o f  m y r i s t i c  a c i d -  
t r e a t e d  p o l y m o r p h o n u c le a r  l e u k o c y t e s  (Kakinuma e t  a l , 1979) .  As a z i d e  d id  
no t  have  a s i g n i f i c a n t  i n h i b i t o r y  e f f e c t  upon t h i s  c h e m i lu m in e s c e n c e ,  i t  
was c o nc lude d  t h a t  ^O^ d i d  n o t  d i r e c t l y  p a r t i c i p a t e  i n  t h e  
c h e m i lu m in e sc e n ce  r e a c t i o n .  Most ^O^ q u e n c h e r s  have  low o x i d a t i o n
p o t e n t i a l s  and would p r o b a b l y  r e a c t  w i t h  s t r o n g  o x i d a n t s  i n  an o x i d a t i o n
sys tem  ( F o o t e ,  1979) ;  q u e n c h e r s  have  been  r e p o r t e d  to  r e a c t  w i th
o r g a n i c  pe roxy  r a d i c a l s  ( P a c k e r  e t  a l , 1981) .  DABCO migh t  t h u s  have  
i n h i b i t e d  mic rosomal  l i p i d  p e r o x i d a t i o n  by a mechanism o t h e r  th a n  
q u e n c h in g ;  f o r  example by r e a c t i o n  w i th  r a d i c a l  s p e c i e s  such  as  *0H
( H a l l i w e l l ,  1982) .
1*2—2— C a t a l a s e ,  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  had a p ronounced  i n h i b ­
i t o r y  e f f e c t  upon m urine  m ic ro som al  l i p i d  p e r o x i d a t i o n ,  i n  a c c o r d  w i t h
the  f i n d i n g s  o f  o t h e r  s t u d i e s  u s i n g  r a t  l i v e r  microsomes  ( K o s t e r  and
S l e e ,  1980; Fe ie rm an  and Cederbaum, 1983; G i r o t t i  and Thomas, 1984) .
S t u d i e s  e l s e w h e r e ,  however ,  have  shown t h a t  c a t a l a s e  d id  n o t  i n h i b i t  
m ic rosom al  l i p i d  p e r o x i d a t i o n  ( K o r n b r u s t  and Mavis ,  1980a; Morehouse  e_t 
a l , 1983) .  A n t i o x i d a n t s ,  such as  thymol,  p r e s e n t  i n  many com m erc ia l  
c a t a l a s e  p r e p a r a t i o n s ,  may have  been  th e  i n h i b i t o r y  a g e n t  r a t h e r  t h a n  
enzyme ( P e d e r s o n  and A u s t ,  1970) .  Commercial  c a t a l a s e  p r e p a r a t i o n s  
( i n c l u d i n g  one from Sigma) ,  wh ich  had p r e v i o u s l y  i n h i b i t e d  l i p i d  p e r o x ­
i d a t i o n ,  were o bse rve d  to  be i n e f f e c t i v e  a f t e r  ch rom a tog raphy  t o  remove 
low m o l e c u l a r  we igh t  c o n ta m in a n t s  (Morehouse e t  a l , 1983 ) .  I n  t h e  p r e s e n t
i n v e s t i g a t i o n s ,  a  t h y m o l - f r e e  g r a d e  o f  c a t a l a s e  was u s e d ;  when t h i s  
c a t a l a s e  was d e n a t u r e d  by b o i l i n g ,  i t  had min imal  i n h i b i t o r y  e f f e c t  upon 
th e  c h e m i lu m in e s c e n c e  o f  p e r o x i d i z i n g  mic rosomes .  As o n l y  a c t i v e  c a t a l a s e  
was e f f e c t i v e ,  and i n h i b i t i o n  was much more p ronounced  t h a n  t h a t  o f  t h e  
a n t i o x i d a n t s ,  BHT and v i t a m i n  E, t h e  i n h i b i t o r y  a c t i o n  o f  c a t a l a s e  was 
more p r o b a b l y  due to  c a t a b o l i s m  o f   ^ t h a n  to  a n t i o x i d a n t  a c t i v i t i e s .  
The c o m m e r c i a l l y - o b t a i n e d  c a t a l a s e  m ig h t ,  however ,  ha ve  be e n  c o n ta m in a t e d  
by a n o t h e r  a n t i o x i d a n t  enzyme, such  as  SOD.
When microsomes  were i n c u b a t e d  w i t h  O.lmM ^ 0 2 , t h e  r e s u l t a n t  l i p i d  
p e r o x i d a t i o n ,  d e t e c t e d  by T B A - t e a c t i v i t y , was o n l y  a b o u t  17% o f  t h a t
o b t a i n e d  w i t h  t h e  A D P - F e C l^ /a s c o r b a te  sys te m  ( t a b l e  4 . 1 3 ) .  T h i s  i n d i c a t e d  
t h a t  H2O2 may w e l l  have  been  an i n i t i a t i n g  s p e c i e s  i n  t h e  r e a c t i o n ,  b u t  
was no t  s u f f i c i e n t  a l o n e  to  e l i c i t  t h e  f u l l  l i p i d  p e r o x i d a t i o n  c a s c a d e .  
^ 2 ^ 2 ’ 0 * 1 '  M p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  had a p r o l o n g e d  chemi­
l u m in e s c e n c e :  t h e  c h e m i lu m in e s c e n ce  was n o t  l i n e a r  w i t h  r e s p e c t  to  ^ 2^2
c o n c e n t r a t i o n  (1 juM to  1 mM). P h o s p h a te  b u f f e r s  a r e  sometim es contam­
i n a t e d  by m e t a l  i o n s ,  s u f f i c i e n t  even to  i n i t i a t e  m ic ro so m a l  l i p i d  
p e r o x i d a t i o n  (Cadenas e t  a l , 1983) .  I r o n  i s  o n l y  s p a r i n g l y  s o l u b l e  i n  
p h o s p h a te  b u f f e r  (Fe ie rm an  and Cederbaum, 1983) ,  b u t  t r a c e  amounts  o f  
i r o n ,  however ,  o r  more p r o b a b l y  coppe r  s a l t s ,  m igh t  have  r e a c t e d  w i t h  
H2O2 t o  p roduce  *0H ( H a l l i w e l l  and G u t t e r i d g e ,  1985 ) : -
2+ 3+ -
Fe + ^ 2 ^ 2 ------------ ^  + + OH F e n to n  r e a c t i o n
Cu2+ + H20 2  ► ‘OH + Cu3+ + OH"
Chem iluminescence  e m i s s i o n  o c c u r s  f rom many o r g a n i c  m a t e r i a l s ,  such  
as p l a s t i c s ,  p a p e r ,  r u b b e r ,  c l o t h  and r e s i n s  (Thorpe  e t  a l , 1 9 8 2 ) .  The 
ch e m i lu m in e s c e n c e ,  a r i s i n g  from th e  p e r o x i d e / h y p o c h l o r i t e  r e a c t i o n ,  and 
t h a t  o f  H2O2 i n  p h o s p h a te  b u f f e r  might  have  been  ca u se d  by t h e  r e a c t i o n
o f  'OH and w i t h  t h e  p l a s t i c  m a t e r i a l  o f  t h e  v i a l s ,  u s e d  to  c o n t a i n
t h e  r e a c t i o n  m i x t u r e s .  E xpe r im en t s  a r e  t h u s  r e q u i r e d  t o  d e t e r m i n e  w h e th e r  
p l a s t i c  i s  a s i g n i f i c a n t  s u b s t r a t e  f o r  i r o n / a s c o r b a t e - m e d i a t e d  a u t o x -  
i d a t i o n .  The che m i lum ine sc e nce  o f  ^2^2 o r  c h e m i c a l l y - g e n e r a t e d  
be s t u d i e d ,  u s i n g  g l a s s  r e a c t i o n  v e s s e l s .
Hydroxyl  r a d i c a l :  S cavenger s  o f  *0H r a d i c a l s ,  p a r t i c u l a r l y  t h i o u r e a ,
c aused  a p p r e c i a b l e  i n h i b i t i o n  o f  l i p i d  p e r o x i d a t i o n ,  m o n i t o r e d  by cherai-  
l u m in e s c e n c e  and T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n .  'OH may w e l l  have  been  
an i m p o r t a n t  component  o f  t h e  m ic rosom al  l i p i d  p e r o x i d a t i o n  r e a c t i o n .
S u p e r o x id e  a n io n :  As SOD had l i t t l e  e f f e c t  upon h e p a t i c  m ic rosom al
c h e m i lu m in e s c e n ce  o r  T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n ,  ’O2 was p o s s i b l y  
no t  i n v o l v e d  i n  t h e  p e r o x i d a t i o n  r e a c t i o n .  SOD d i d ,  however ,  i n h i b i t  t h e  
c h e m i lu m in e s c e n ce  o f  i r o n / a s c o r b a t e - c h a l l e n g e d  tumour microsomes  and th e  
d e l a y e d  c he m i lum ine sc e nce  o f  p h o s p h a te  b u f f e r / g l y c e r o l - s t o r e d  h e p a t i c  
m ic rosom es .  The SOD, used  i n  t h e  p r e s e n t  s t u d i e s ,  o r i g i n a t e d  from b o v i n e  
l i v e r  and was p r o b a b l y  m a in ly  t h e  Cu/Zn isoenzym e.  The i n e f f e c t i v e n e s s  o f  
SOD upon h e p a t i c  che m i lum ine sc e nce  migh t  have  been  ca use d  by i n a c t i v a t i o n  
o f  Cu/Zn SOD by ^ © 2 , o r  o t h e r  r e a c t i v e  oxygen s p e c i e s  (Hodgson and 
F r i d o v i c h ,  1973b) .  The d e a c t i v a t i o n  o f  SOD by t h e  tumour m ic ro som al  
sys tem  may have  been  i n s i g n i f i c a n t ,  as  t h e  l i p i d  p e r o x i d a t i o n  r e a c t i o n  
was r e l a t i v e l y  unpronounced .  The g e n e r a t i o n  o f  r e a c t i v e  oxygen 
m e t a b o l i t e s ,  d u r i n g  the  p r o lo n g e d  i n i t i a t i o n  p h a s e  o f  p h o s p h a te  b u f f e r /  
g l y c e r o - s t o r e d  h e p a t i c  mic rosomes ,  was p o s s i b l y  so low t h a t  SOD c ou ld  
a d e q u a t e l y  d i sm u te  *02 and p r e v e n t  t h e  a u t o x i d a t i o n  o f  m ic ro so m a l  l i p i d .  
I t  m igh t  be  b e t t e r  i n  f u t u r e  e x p e r i m e n t s  t o  u s e  Mn-SOD, b e c a u s e  t h i s  
enzyme i s  l e s s  s e n s i t i v e  to  H20 2 (M is ra  and S q u a t r i t o ,  1982) .
Lack o f  e f f e c t  o f  v i t a m i n  E: V i tam in  E i s  a h y d r o p h o b i c ,  p e r o x y 1 - r a d i c a l
t r a p p i n g ,  0^  ^ q u e n c h i n g , ,  ’OH-scavenging ,  c h a i n - b r e a k i n g  a n t i o x i d a n t  
( C h a p t e r  1 ) ,  which has  been  r e p o r t e d  to  p r e v e n t  l i p i d  p e r o x i d a t i o n  _in
vivo (Tappel, 1979; Mihara et al, 1980) and in vitro (Pryor et al,
1976a; McCay e t  a l , 1978;  Nakamura and H ish in um a,  1978 ) .  S t u d i e s  
e l s e w h e r e ,  however ,  have  a g r e e d  w i t h  the  f i n d i n g s  o f  t h e  p r e s e n t  
i n v e s t i g a t i o n :  p r e i n c u b a t i o n  o f  r a t  l i v e r  microsomes  w i t h  v i t a m i n  E,
d i s s o l v e d  in  e t h a n o l ,  was o b s e rv e d  to  have l i t t l e  e f f e c t  upon 
i r o n / c y s t e i n e - i n d u c e d  p e r o x i d a t i o n  ( W i l l s o n ,  1983) ;  t h e  a d d i t i o n  o f  
v i t a m i n  E to  membrane p r e p a r a t i o n s  has  been  o b s e rv e d  to  i n h i b i t  l i p i d  
p e r o x i d a t i o n  by o n ly  12% ( G u t t e r i d g e ,  1978) .  The c o m p a r a t i v e  i n a b i l i t y  o f  
v i t a m i n  E to  p r e v e n t  i r o n / a s c o r b a t e - i n i t i a t e d  m ic rosom al  p e r o x i d a t i o n  
might  have  been  caused  by t h e  i n a c c e s s i b i l i t y  o f  t h e  v i t a m i n  to  the
p e r o x i d i z i n g  membranes ( W i l l s o n ,  1983) .  The form of  v i t a m i n  E, u s e d  i n  
the  p r e s e n t  s t u d i e s ,  was GJ--tocopherol a c e t a t e  (S igm a) ;  r e p o r t e d  n o t  to  
be as  p o t e n t  as  n a t u r a l  v i t a m i n  E , a l t h o u g h  some f r e e  v i t a m i n  E i s  
g e n e r a l l y  d e t e c t a b l e  in  Q ! - to c o p h e ro l  a c e t a t e  p r e p a r a t i o n s  ( G u t t e r i d g e ,
1978) .  N a t u r a l  Q J - toc ophe ro l  has  been  r e p o r t e d  to  b in d  s t r o n g l y  t o  the  
m o le c u le s  o f  t h e  l i p i d  membrane, whereas  the  a c e t a t e  c o u ld  o n l y  form a 
l o o s e  h y d ro p h o b ic  bond and ,  u n l i k e  the  n a t u r a l  v i t a m i n ,  was u n a b l e  to  
decompose ( S r i v a s t a v a  e t  a l , 1983) .  The v i t a m i n  E, u sed  i n  t h e
p r e s e n t  i n v e s t i g a t i o n s ,  may t h u s  have  been  u n s u i t a b l e .
Rat  l i v e r  microsomes  have  to  be p r e - i n c u b a t e d  w i t h  Q ! - t o c o p h e r o l  f o r  
a few m in u te s  b e f o r e  any p r o t e c t i o n  from l i p i d  p e r o x i d a t i o n  c o u ld  be 
o b s e rv e d  (Mak e t  a l , 1983 ) .  V i t am in  E p r e v e n t e d  th e  d e l a y e d  chemi­
lum in e s c e n c e  o f  p h o s p h a te  b u f f e r / g l y c e r o l - s t o r e d  h e p a t i c  m ic ro som es  ( f i g
4 . 7 )  p o s s i b l y  b e c a u s e  t h e r e  was s u f f i c i e n t  t im e ,  due to  d e l a y  i n  t h e
o n s e t  o f  the  r e a c t i o n ,  f o r  t h e  v i t a m i n  to  i n t e r a c t  w i th  t h e  membrane 
l i p i d .
V i tam in  E caused  a m o d e r a te  i n c r e a s e  in  t h e  c h e m i lu m in e s c e n c e  o f  
tumour microsomes  ( f i g .  4 . 6 ) .  I t  m igh t  have promoted  l i p i d  p e r o x i d a t i o n  
u n d e r  t h e s e  c i r c u m s t a n c e s ,  by a c t i n g  as  a p r o - o x i d a n t  i n  c a t a l y z i n g  t h e
r e d u c t i o n  o f  f e r r i c  i r o n  to  f e r r o u s  i r o n .
C o n c l u s i o n s  Conce rn ing  t h e  Chemica l  N a t u r e  o f  I r o n / a s c o r b a t e - i n d u c e d  
Mic rosomal  L i p i d  P e r o x i d a t i o n
The i r o n / a s c o r b a t e - c h a l l e n g e d  m ic rosom al  l i p i d  p e r o x i d a t i o n
r e a c t i o n ,  o f  t h i s  s t u d y ,  p r o b a b l y  had *0H and as  i n t e r m e d i a t e s ,  and
p o s s i b l y  i n v o lv e d  *0^ b u t  n o t  ^ 2 * However , t h e  i d e n t i f i c a t i o n  o f  a c t i v e  
oxygen i n t e r m e d i a t e s ,  by use  o f  r a d i c a l  s c a v e n g e r s  o r  r e a c t i v e  oxygen 
q u e n c h e r s ,  can  be e q u i v o c a l  b e c a u s e  t h e s e  a g e n t s  can  c a u s e  e x c i t e d  
s p e c i e s  to  t r a n s f e r  t h e i r  ene rgy  to  o t h e r  m o l e c u l e s ,  which t h e n  become 
new e x c i t e d  s p e c i e s  ( C l i f f o r d  and R e p i n e ,  1984) .
^0  ^ m igh t  have been  g e n e r a t e d  d u r i n g  the  l i p o p e r o x i d e  breakdown 
phase  o f  t h e  r e a c t i o n  ( C h a p te r  1 ) ;  t h i s  c o u ld  be v e r i f i e d  u s i n g  a p h o t o ­
m u l t i p l i e r ,  s e n s i t i v e  to  ^0 ^ e m i s s i o n s  i n  t h e  i n f r a - r e d  end o f  the  
e l e c t r o m a g n e t i c  spe c t rum .  O p t i c a l  f i l t e r s  co u ld  p o s s i b l y  be used  to  
a n a l y s e  the  w a v e l e n g t h s  o f  l i g h t  e m i t t e d  (Cadenas and S i e s ,  1984) .  As th e  
l i f e t i m e  o f  has  been  r e p o r t e d  to  be 10- f o l d  l o n g e r  i n  d e u t e r i u m  than  
w a t e r ,  p r o l o n g a t i o n  o f  c h e m i lu m in e s c e n c e ,  i n  a sy s te m  u s i n g  d e u t e r i u m  as  
s o l v e n t ,  would i n d i c a t e  t h e  p r e s e n c e  o f  ^0 (Cadenas  and S i e s ,  1984) .
NADPH-dependent l i p i d  p e r o x i d a t i o n  i n  a z i d e  p r e t r e a t e d  h e p a t i c  
microsomes  ( t o  i n h i b i t  endogenous c a t a l a s e )  has  been  o b s e r v e d  to  be 
i n h i b i t e d  by I^C^ ,  i n d i c a t i n g  t h a t  f r e e  ^2^2 i s  n o t  a s s o c i a t e d  w i t h  
m ic ro som al  l i p i d  p e r o x i d a t i o n  (Morehouse e t  a l , 1 9 8 3 ) .  The 
a s c o r b a t e / F e C l ^ - i n d u c e d  p e r o x i d a t i o n  r e a c t i o n  c o u ld  p o s s i b l y  have  been  
i n d e p e n d e n t  o f  a c t i v e  oxygen s p e c i e s .  M e ta l  com p lexes ,  such as  f e r r o u s  
i r o n  w i t h  p h o s p h a te  e s t e r s  o r  EDTA, haem, h a e ra o p r o te in s  and c y to c h r o m e s ,  
a r e  r e p o r t e d  to  be a b l e  to  c a t a l y z e  t h e  d e c o m p o s i t i o n  o f  p r e - f o r m e d  
l i p o p e r o x i d e s  ( H a l l i w e l l  and G u t t e r i d g e ,  1 9 8 4 a ) .  The c h a i n - r e a c t i o n  o f  
l i p i d  p e r o x i d a t i o n  ( C h a p te r  1) may be s t i m u l a t e d  a c c o r d i n g l y : -
2+ 3+ -ROOH + Fe -com plex  ---------- ► Fe -com plex  + OH + RO'
ROOH + Fe3+-com plex  ---------- ► Fe^+-coraplex  + H+ + ROO*
Alkoxy (RO*) and pe ro x y  (ROO*) r a d i c a l s  a r e  b e l i e v e d  to  a b s t r a c t  
hydrogen  atoms from PUFA t o  i n i t i a t e  t h e  c h a i n - r e a c t i o n  s t a g e  o f  t h e  
l i p i d  p e r o x i d a t i o n  r e a c t i o n .  T h i s  phase  o f  l i p i d  p e r o x i d a t i o n  has  been  
r e p o r t e d  to a c c o u n t  f o r  g r e a t e r  t h a n  90% o f  the  p r o d u c t s  o f  t h e  t o t a l  
r e a c t i o n  ( H a l l i w e l l  and G u t t e r i d g e ,  1984a ) .
The r e s u l t s  o f  the  p r e s e n t  s t u d i e s ,  however ,  i m p l i c a t e  r e a c t i v e  
oxygen i n t e r m e d i a t e s  i n  t h e  i n i t i a t i o n  o f  i r o n / a s c o r b a t e - m e d i a t e d  m i c r o ­
somal  p e r o x i d a t i o n ,  and e x p e r i m e n t s  to  d e t e c t  t h e  e l e c t r o n  p a r a m a g n e t i c  
r e s o n a n c e  (EPR) o f  r a d i c a l s ,  u s i n g  s u i t a b l e  s p i n  t r a p s ,  have  shown t h a t  
’O2 , *OH and t h e  l i p i d  p e roxy  r a d i c a l  a r e  t h e  p r i n c i p a l  r a d i c a l  s p e c i e s  
o f  h e p a t i c  m ic rosom al  l i p i d  p e r o x i d a t i o n  (Rosen and Rauckman, 1 9 8 1 ) .  I t  
has  been  r e p o r t e d ,  f rom EPR s t u d i e s ,  t h a t  complexes o f  d i -  and 
t r i p h o s p h a t e  n u c l e o t i d e s  w i t h  f e r r o u s  i r o n ,  c a t a l y s e  the  f o r m a t i o n  o f  ‘ OH 
from ^ ( ^ ( F l o y d ,  1983) .  A p o s s i b l e  mechanism,  f o r  t h e  l i p i d  p e r o x i d a t i o n  
r e a c t i o n s  o f  t h e  p r e s e n t  s t u d i e s ,  i n v o l v i n g  '0^ and *0H may have
been  an i r o n - c a t a l y z e d  Habe r -W eiss  r e a c t i o n  ( S v inge n  e t  a l , 1 9 7 9 ) : -
ADP-Fe3+ + *02"  ------------► ADP-Fe2+ + 0 £
2*02‘  + 2H+  ► H2°2  + °2
ADP-Fe^+ + H2O2 ------------► ADP-Fe3+ + *0H + OH ( F e n to n  r e a c t i o n )
A s c o r b a t e  p r o b a b l y  would have  r e p l e n i s h e d  *0  ^ i n  r e d u c i n g  F e ( l l l )  
to  F e ( I l ) ,  l e a v i n g  '0^ f r e e  to  d i s m u t e  i n t o  f u r t h e r  ^ 0 2  ( H a l l i w e l l  and
G u t t e r i d g e ,  1985) .  I t  has  b e e n  r e p o r t e d  t h a t  t h e  r e a c t i o n  b e tw een  f e r r o u s  
io n s  and m o l e c u l a r  oxygen forms t h e  p e r f e r r y l  i r o n ,  which  has  been  
p o s t u l a t e d  to  be an i n i t i a t o r  o f  l i p i d  p e r o x i d a t i o n  (Aust  and Sv in g e n ,  
1 9 8 2 ) : -
F e 2+ + 0 2 1= ^  [Fe2+- 0 2 ^ F e 3+- 0 2" ] ± = z ; F e 3+ + * 0 ^
2*02 + 2H+  ► ^2^2  + ^2 ( d i s m u t a t i o n )
3+ 3+ —
^2^2 + Fe ----------► Fe + *0H + OH (Fen ton  r e a c t i o n )
The p e r f e r r y l  i o n ,  however ,  h a s  been  r e p o r t e d  to  have  c o m p a r a t i v e l y  
poor  r e a c t i v i t y ,  and thus  t h e  f e r r y l  i o n  i s  b e l i e v e d  to  be a more l i k e l y  
i n i t i a t o r  o f  l i p i d  p e r o x i d a t i o n  ( H a l l i w e l l  and G u t t e r i d g e ,  1 9 8 4 a ) : -
F e 2+ + H20 2  ► [FeOH3+ Fe02+] + 0H~
f e r r y l  i o n  complex
Mic rosomal  L i p i d  P e r o x i d a t i o n  i n  T i s s u e s  o f  Tum our -bear ing  Mice
Lewis lu n g  ca rc in om a:  The p r o d u c t i o n  o f  T B A -re a c t iv e  m a t e r i a l ,  d u r i n g
i r o n / a s c o r b a t e - m e d i a t e d  p e r o x i d a t i o n  was c o n s i d e r a b l y  l e s s  i n  tumour 
microsomes than  in  h e p a t i c  m ic rosom es .  Pulmonary t i s s u e  h a s  been  shown to  
be one o f  the  l e a s t  s u s c e p t i b l e  r o d e n t  t i s s u e s  to  m ic ro so m a l  l i p i d  
p e r o x i d a t i o n  (K o r n b ru s t  and Mavis ,  1980b) .  As p e r o x i d i z i n g  Lewis  lung  
c a rc in o m a  microsomes e m i t t e d  even l e s s  che m i lum ine sc e nce  t h a n  pu lm onary  
m ic r o s o s o m e s , i t  can be c o n c lu d e d  t h a t  Lewis lung  ca rc inom a  has  v e r y  low 
s u s c e p t i b i l i t y  to  i n  v i t r o  l i p i d  p e r o x i d a t i o n .  Th is  p r o p e r t y  o f  t h e  Lewis  
lung  ca rc inom a  was in  a c c o r d  w i t h  t h e  o b s e r v a t i o n s  o f  l i p i d  p e r o x i d a t i o n  
in  o t h e r  tumour systems  ( B a r t o l i  and G a l e o t t i ,  1979;  P l a y e r  e t  a l , 1979;
Ahmed and Slater, 1980).
The c h e m i lu m in e s c e n c e  o f  p e r o x i d i z i n g  t i s s u e s  o r  membranes has  been 
r e p o r t e d  to  be  p r o p o r t i o n a l  to  t h e  d e g re e  o f  u n s a t u r a t i o n  o f  t h e  l i p i d  
s u b s t r a t e  (Cadenas  e t  a l , 1980) .  Lewis lung  c a r c i n o m a s ,  l i k e  o t h e r  
tumours  such as  r a t  hepa tomas ( G a l e o t t i  e t  a l , 1 9 84 ) ,  m igh t  have  a
r e l a t i v e l y  low u n s a t u r a t e d  l i p i d  c o n c e n t r a t i o n .  Tumours ha v e  been 
o b s e rv e d  to  ha v e  c o m p a r a t i v e l y  pronounced  c o n c e n t r a t i o n s  o f  a n t i o x i d a n t s  
( C h a p te r  6 ) ;  t h e  r e s i s t a n c e  o f  microsomes from t h e  Lewis  lung  ca rc inom a
to i n  v i t r o  l i p i d  p e r o x i d a t i o n  may have  been  due t o  h a v in g  a p o s s i b l y  
g r e a t e r  membrane a n t i o x i d a n t  c o n c e n t r a t i o n  th a n  normal  m ur ine  t i s s u e s .
The s u b s t a n t i a l  c o n c e n t r a t i o n  o f  m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s  in  
Lewis lung  c a rc in o m a  might  i n d i c a t e  t h a t  t h e  tumour membranes had such 
poor  a n t i o x i d a n t  d e f e n c e  t h a t  t hey  r e a d i l y  o x i d i z e  d u r i n g  p r e p a r a t i o n  and 
s t o r a g e  o f  t h e  t i s s u e .  Tumour homogenate ,  and m ic rosom al  f r a c t i o n s  would 
t h u s  have  c o n t a i n e d  c o n s i d e r a b l e  c o n c e n t r a t i o n s  o f  l i p o p e r o x i d e s , which 
would decompose to  form m a lo n d ia ld e h y d e  d u r i n g  t h e  T B A - te s t .  F u r t h e r  
s i g n i f i c a n t  p e r o x i d a t i o n  i n  v i t r o  was p o s s i b l y  p r e v e n t e d  by a c o m p a r a t i v e  
l a c k  o f  r e m a in i n g  u n o x i d i z e d  PUFA.
L i p i d  p e r o x i d a t i o n  o f  Lewis lung  ca rc inom a  microsom es  was m o n i t o r e d  
f o r  90 min. The p r e s e n t  s t u d i e s  have  shown t h a t  t h e  m a j o r  chemi­
l u m in e s c e n c e  e m i s s i o n  can be d e la y e d  u n t i l  beyond t h i s  t im e .  I t  i s  
p o s s i b l e ,  t h e r e f o r e ,  t h a t  l i p i d  p e r o x i d a t i o n  i n  tumour microsomes  was no t
m o n i t o re d  f o r  s u f f i c i e n t  t ime to  d e t e c t  t h e  p r i n c i p a l  p e r o x i d a t i o n
r e a c t i o n .
The T B A - r e a c t i v e  m a t e r i a l  and c h e m i lu m in e s c e n c e ,  m easu red  i n  t h e  
p r e s e n t  s t u d i e s ,  may have been  l a r g e l y  a t t r i b u t a b l e  to  h o s t  c e l l s  
i n f i l t r a t i n g  t h e  Lewis lung  ca rc inom a ,  o r  may have  be e n  d e r i v e d  from th e  
n e c r o t i c  components  o f  the  tumour.  Haemoglobin has  been  r e p o r t e d  t o  be an
e f f e c t i v e  c a t a l y s t  o f  l i p i d  p e r o x i d a t i o n  ( M is ra  and F r i d o v i c h ,  1972) .  
I t  has  been  o b s e rv e d  t h a t  BHT i n h i b i t s  the  T B A - r e a c t i v i t y  o f  an im a l  
t i s s u e s ,  c a t a l y z e d  by haem i r o n  (Mihara  and Uchiyama, 1983) .  The Lewis 
lung ca rc inom a  i s  a h a e m o r rh a g i c  tumour: BHT i n t e r f e r e d  w i t h  t h e  TBA 
r e a c t i o n  o f  tumour m ic rosom es ;  haemoglob in  may thus  have  promoted  th e  
s y n t h e s i s  o f  T B A - r e a c t i v e  s u b s t a n c e s ,  d u r i n g  th e  T B A - te s t .
A l t e r n a t i v e l y ,  t h e  T B A - re a c t iv e  m a t e r i a l  o f  Lewis lung  ca rc inom a s
migh t  have  r e f l e c t e d  a pronounced  e i c o s a n o i d  c a s c a d e  a c t i v i t y  ( C h a p te r
6 ) .  The m a l o n d i a l d e h y d e - l i k e  s u b s t a n c e s . w o u l d  t hus  have  o r i g i n a t e d  from 
the  d e g r a d a t i o n  o f  e n d o p e r o x i d e  p r e c u r s o r s ,  s y n t h e s i s e d  by t h e  enzymic 
o x i d a t i o n  o f  a r a c h i d o n i c  a c i d ,  and no t  be g e n e r a l i z e d  o x i d a t i o n  o f  PUFA.
L i p i d  p e r o x i d a t i o n  i n  l i v e r s  o f  t u m o u r - b e a r i n g  mice :  When u s i n g  t h e  more
s e n s i t i v e  ^ S O ^ - b a s e d  a p p l i c a t i o n  o f  t h e  T B A - te s t ,  t h e  p r e s e n t  s t u d i e s  
co n f i rm e d  t h a t  t h e  l i v e r s  o f  m ice ,  b e a r i n g  l ew is  lung  c a r c i n o m a s ,  had 
g r e a t e r  c o n c e n t r a t i o n s  o f  m a l o n d i a l d e h y d e - l i k e  m a t e r i a l  t h a n  t u m o u r - f r e e  
c o n t r o l s .  Th is  a d d i t i o n a l  T B A -re a c t iv e  m a t e r i a l  was p r o s s i b l y  n o t  
p roduced  i n  v i v o  b u t  by m e t a l - c a t a l y z e d  a u t o x i d a t i o n  d u r i n g  t h e  a c i d /
h e a t i n g  c o n d i t i o n s  o f  t h e  T B A - te s t .
S t u d i e s  e l s e w h e r e  have  a l s o  shown t h a t  t u m o u r - b e a r i n g  r o d e n t s  have  
e l e v a t e d  c o n c e n t r a t i o n s  o f  T B A - re a c t iv e  m a t e r i a l  i n  t h e i r  l i v e r s  (Neyfakh  
and Kagan, 1969; G ork in  e t  a l , 1973; Khuzhamberdyev e t  a l , 1973;  P i e r s o n  
and Meadows, 1985) .  Tum our -bear ing  mice have  been  o b s e r v e d  to  have  
g r e a t e r  h e p a t i c  c h e m i lu m in e s c e n ce  than  t u m o u r - f r e e  a n im a l s  ( B o v e r i s  et^ 
a l , 1985) .  Iron/NADPH, NADPH/CCl^, o r  i r o n / a s c o r b a t e  i n i t i a t e d  p e r o x ­
i d a t i o n  o f  m ic ro som es ,  f rom a p p a r e n t l y  normal  l i v e r  t a k e n  from r a t s  
b e a r i n g  e t h i o n i n e - i n d u c e d  he pa tom as ,  however ,  h a s  been  o b s e r v e d  n o t  to  
d i f f e r  from t h a t  o f  t u m o u r - f r e e  r a t s  (Ahmed and S l a t e r ,  1981 ) ;  i n v e s t i ­
g a t i o n s  o f  t h e  e l e c t r o n  s p i n  r e s o n a n c e  o f  t i s s u e s  o f  t u m o u r - b e a r i n g  mice  
have  r e v e a l e d  t h a t  t h e  f r e e  r a d i c a l  c o n c e n t r a t i o n  i n  h o s t  l i v e r s
d e c r e a s e d  d u r i n g  tumour deve lopm ent  (Emanuel ,  1982) .  Mice,  b e a r i n g  B16 
melanomas were ,  however ,  o b s e rv e d  to  have  i n c r e a s e d  c o n c e n t r a t i o n s  in  
t h e i r  l i v e r s ,  s p l e e n s  and l u n g s ,  which i n c r e a s e d  f u r t h e r  upon m e t a s t a s i s  
to  t h e s e  o r g a n s  (Emanuel ,  1982) .  Mice,  b e a r i n g  B16 melanomas,  have  been  
o b s e rv e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  and i n  s t u d i e s  e l s e w h e r e ,  to  have 
e l e v a t e d  h e p a t i c  T B A - re a c t i v e  m a t e r i a l  c o n c e n t r a t i o n s  ( P i e r s o n  and 
Meadows, 1985; C h a p t e r  3 ) .  The i n c r e a s e d  T B A - r e a c t i v i t y  o f  t h e  l i v e r s  o f  
Lewis lung  c a r c i n o m a - b e a r i n g  m ice ,  migh t  t hus  have  been  due to  r a i s e d  
f r e e  r a d i c a l  c o n c e n t r a t i o n s .
The p r e s e n t  s t u d i e s  have  shown t h a t  h e p a t i c  t i s s u e  from m ice ,  
b e a r i n g  Lewis lung  c a rc in o m a s ,  was p r o b a b l y  more s u s c e p t i b l e  to  l i p i d  
p e r o x i d a t i o n  than  normal  l i v e r .  S t o ra g e  as s u s p e n s i o n s  i n  p h o s p h a te  
b u f f e r / g l y c e r o l  had p r o f o u n d l y  d i f f e r e n t  e f f e c t s  upon
i r o n / a s c o r b a t e - m e d i a t e d  c h e m i lum inescence  o f  microsomes from t u m o u r - f r e e  
and t u m o u r - b e a r i n g  m ice .  Th is  mode o f  s t o r i n g  h e p a t i c  microsom es  may have  
e x a g g e r a t e d  the  b i o c h e m ic a l  d i f f e r e n c e s  be tw een  th e  two e x p e r i m e n t a l  
g roups  and t h e r e b y  may p r o v i d e  c l u e s  which m igh t  h e l p  to  d e t e r m i n e  th e  
e x a c t  n a t u r e  o f  the  t u m our - induc ed  p e r t u r b a t i o n s  o f  t h e  l i v e r .
F u t u r e  s t u d i e s  a r e  r e q u i r e d  to  a s c e r t a i n  how s t o r a g e  o f  no rmal  
murine  l i v e r  microsomes as  s u s p e n s i o n s  i n  p h o s p h a te  b u f f e r / g l y c e r o l  a t  
- 8 0 °  C, c o n f e r s  p r o t e c t i o n  a g a i n s t  l i p i d  p e r o x i d a t i o n .  The e f f e c t s  o f ,  
f o r  example ,  f r e e z i n g ,  chang ing  the  type  o r  pH o f  t h e  b u f f e r ,  o m i t t i n g  
g l y c e r o l  o r  EDTA, o r  u s i n g  o t h e r  t y p e s  o f  m e t a l  c h e l a t o r ,  s h o u ld  a l l  be 
i n v e s t i g a t e d .
The d i f f e r e n c e s  between  th e  l i v e r s  o f  t u m o u r - f r e e  and t u m o u r - b e a r i n g  
mice may have  been  caused  by a c c u m u l a t i o n  o f  t r a n s i t i o n  m e t a l s ,  such as  
i r o n ,  i n  t h e  l i v e r s  of  t h e  t u m o u r - b e a r e r s  ( a s  d i s c u s s e d  p r e v i o u s l y ) .  
P h o s p h a te  b u f f e r  has  been  r e p o r t e d  to  i n h i b i t  i r o n - i n d u c e d  l i p i d  p e r o x ­
i d a t i o n ,  such  t h a t  c o m p a r a t i v e l y  l a r g e  c o n c e n t r a t i o n s  o f  i r o n  s a l t  a r e
r e q u i r e d  t o  i n i t i a t e  p e r o x i d a t i o n  (.see e a r l i e r ; .  T r e a t m e n t  w i t n  p n o s p n a te  
b u f f e r ,  c o n t a i n i n g  EDTA, migh t  have  removed most  o f  t h e  f r e e  i r o n  from 
normal  h e p a t i c  m ic rosom es ,  b u t  l e f t  a s i g n i f i c a n t  r e s i d u e  i n  t h e  m ic r o ­
somes from t h e  l i v e r s  o f  t u m o u r - b e a r i n g  m ice .  I f  t h e  endogenous  m ic r o ­
somal i r o n  were d e p l e t e d  as  a r e s u l t  o f  t h e  mode o f  s t o r a g e ,  a g r e a t e r  
c o n c e n t r a t i o n  o f  FeCl^ would have  been  needed  to  i n i t i a t e  a r e a c t i o n  
e q u i v a l e n t  to  t h a t  o f  f r e s h  h e p a t i c  m ic rosom es .  As mic rosomes  from 
t u m o u r - b e a r i n g  mice  were p o s s i b l y  no t  d e p l e t e d  o f  i r o n ,  due to  a 
pronounced  endogenous  l e v e l  p r i o r  to  s t o r a g e ,  t h e  i r o n / a s c o r b a t e - i n d u c e d  
c h e m i lu m in e s c e n ce  was no t  s i g n i f i c a n t l y  a f f e c t e d .
Mice,  b e a r i n g  Lewis lung  c a rc in o m a s ,  had s i g n i f i c a n t l y  lower  
c a t a l a s e  and m i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t e s  t h a n  t h e i r  h e a l t h y  
c o u n t e r p a r t s  ( C h a p t e r  3 ) .  The g r e a t e r  s u s c e p t i b i l i t y  o f  h e p a t i c  m ic r o ­
somes, f rom c a r c i n o m a - b e a r i n g  m ice ,  to  p e r o x i d a t i o n  p o s s i b l y  r e s u l t e d  
from a d e f i c i e n c y  i n  an a n t i o x i d a n t  enzyme. Rat  l i v e r  mic rosomes  have  
been  r e p o r t e d  to  be p r o t e c t e d  from i r o n / a s c o r b a t e - i n d u c e d  l i p i d  p e r o x ­
i d a t i o n  by a GSH-dependen t , h e a t - l a b i l e  f a c t o r ,  which  i s  b e l i e v e d  to  
i n h i b i t  p e r o x i d a t i o n  by p r e v e n t i n g  the  f o r m a t i o n  o f  t h e  i n i t i a t i n g  
s p e c i e s ,  r a t h e r  t h a n  by p e r o x i d a s e  a c t i v i t y  o r  r a d i c a l  s c a v e n g i n g  (Haenen 
and B a s t ,  1983) .  I n  t h e  p r e s e n t  s t u d i e s ,  microsomes  were washed s e v e r a l  
t imes  and th u s  p r o b a b l y  d id  n o t  c o n t a i n  s u f f i c i e n t  GSH f o r  a f a c t o r ,  such  
as t h a t  above ,  to  m e d i a t e  any e f f e c t .  I n  f u t u r e  s t u d i e s ,  however ,  m ic r o ­
somes c o u ld  be p r e h e a t e d ,  say  f o r  90 sec  i n  b o i l i n g  w a t e r ,  t o  d e a c t i v a t e  
any enzymes t h a t  m igh t  i n f l u e n c e  l i p i d  p e r o x i d a t i o n ;  c a u t i o n  mus t  b e  used  
to  e n s u r e  t h a t  even t h i s  s h o r t  t ime o f  h e a t i n g  w i l l  n o t  i n i t i a t e  any 
s i g n i f i c a n t  a u t o x i d a t i o n .
Tumours have been  o b s e rv e d  to  c o n c e n t r a t e  a n t i o x i d a n t s  a t  t h e  
expense  o f  t h e  normal  t i s s u e s  o f  t h e i r  h o s t s  ( C h a p t e r  6 ) .  The s t o r a g e  o f  
h e p a t i c  mic rosomes  i n  p h o s p h a te  b u f f e r / g l y c e r o l  p o s s i b l y  p romoted  a c c e s s
l i p i d .  The p r o t e c t i o n  a f f o r d e d  by v i t a m i n  E a g a i n s t  the  p e r o x i d a t i o n  o f  
m e th y l  l i n o l e a t e  has  been  r e p o r t e d  to  be i n  t h e  form o f  d e l a y i n g  th e  
p e r o x i d a t i o n  r e a c t i o n  ( P r y o r  e t  a l , 1976a ) .  The l e n g t h  o f  t h e  i n d u c t i o n  
p e r i o d ,  b e f o r e  p e r o x i d a t i o n  became a p p a r e n t ,  was o b s e rv e d  to  be 
p r o p o r t i o n a l  to  t h e  amount o f  t h e  v i t a m i n  added to  the  r e a c t i o n  m i x t u r e .  
Once t h e  a u t o x i d a t i o n  s t a r t e d ,  i t  p roce de d  a t  a r a t e ,  i n d e p e n d e n t  o f  t h e  
c o n c e n t r a t i o n  o f  v i t a m i n  E ( P r y o r  e t  a l , 1976a)  T h i s  e f f e c t  o f  v i t a m i n  E 
was r e m a rk a b ly  l i k e  t h a t  o f  s t o r a g e  i n  p h o s p h a te  b u f f e r / g l y c e r o l  a t  - 8 0 °  
C upon h e p a t i c  mic rosomes .  The i n t r a m u s c u l a r l y - e m b e d d e d  tumour m igh t  have  
evoked a  d e c r e a s e  i n  t h e  a b i l i t y  o f  t h e  h o s t  l i v e r  to  d e t o x i f y  r e a c t i v e  
oxygen i n t e r m e d i a t e s .
Conclusions
The r e s u l t s  o f  the  p r e s e n t  s t u d i e s  i n d i c a t e  t h a t  t h e  i n c r e a s e d  
c o n c e n t r a t i o n s  o f  m a l o n d i a l d e h y d e - l i k e  m a t e r i a l  i n  t h e  l i v e r s  o f  tumour-  
b e a r i n g  mice were s u b s t a n t i a l l y  m e d i a t e d  by the  i n c r e a s e d  s e n s i t i v i t y  o f  
t h i s  t i s s u e  to i n  v i t r o  l i p i d  p e r o x i d a t i o n .  The T B A - te s t ,  commonly used  
to  d e t e r m i n e  the l i p o p e r o x i d e  c o n c e n t r a t i o n s  o f  a n im a l  t i s s u e s ,  p r o b a b l y  
a l s o  r e f l e c t s  the  s u s c e p t i b i l i t y  o f  t i s s u e s  to  l i p i d  p e r o x i d a t i o n  i n  
v i t r o . U n le s s  p r e c a u t i o n s  a r e  t a k e n  to  p r e v e n t  a u t o x i d a t i o n  o f  t i s s u e s  
d u r i n g  p r o c e s s i n g ,  s t o r a g e  and th e  t e s t  i t s e l f ,  t h e  r e s u l t s  o f  
d e t e r m i n a t i o n s ,  u s i n g  th e  TBA-method, must  be viewed w i th  c a u t i o n .
Most o r  a l l  o f  the  T B A - re a c t i v e  m a t e r i a l ,  d e t e r m i n e d  f o r  Lewis  lung  
c a rc in o m a s  and a t  i n c r e a s e d  l e v e l s  i n  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  m ic e ,  
was p o s s i b l y  a r t e f a c t u a l .  Th is  does n o t ,  however ,  i n v a l i d a t e  t h e s e  
c o n s i s t e n t  e m p i r i c a l  o b s e r v a t i o n s .  F u r t h e r  s t u d i e s  a r e  n e c e s s a r y  to  
d e t e r m i n e  the  p r e c u r s o r s  o f  t h e  T B A - re a c t i v e  m a t e r i a l .  I t  may be u s e f u l  
to  e v a l u a t e  the  p h y s i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  r e s u l t s  o f  t h e  p r e s e n t  
i n v e s t i g a t i o n s  and d e t e r m i n e  w h e t h e r  t h e y  a r e  a p p l i c a b l e  to  o t h e r  forms 
o f  n e o p l a s t i c  d i s e a s e ,  p a r t i c u l a r l y  human c a n c e r s '
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INTRODUCTION
P os t -m or te m  s t u d i e s  o f  c a n c e r  p a t i e n t s  have  shown t h a t  the  tumour 
mass r a r e l y  exceeds  1% o f  body w e ig h t  ( C o s t a ,  1977) .  C a c h e x ia  ( C h a p te r  
3 ) ,  t he  most a p p a r e n t  e x p r e s s i o n  o f  t h e  s y s t e m ic  d i s t u r b a n c e s ,  e x e r t e d  by 
c a n c e r s ,  can o c c u r  when a c l i n i c a l  tumour i s  o n ly  t h e  s i z e  o f  a p in h e a d  
( M or r i son  e t  a l , 1984) .  C a c h e x ia  i s  p r ec e d e d  by b i o c h e m i c a l  a l t e r a t i o n s  
i n  the  t i s s u e s  o f  the  h o s t ,  p a r t i c u l a r l y  t h e  l i v e r  (G re e n g a r d ,  1979) .
I
Most i n v e s t i g a t i o n s  o f  t h e  s y s t e m ic  e f f e c t s  o f  c a n c e r ,  have  used  an im al  
models  in  which the  tumour o c c u p i e s  a bou t  5% o f  t h e  body w e ig h t  ( M o r r i s o n  
e t  a l , 1984) .  The v a l i d i t y  o f  t h e s e  t y p e s  o f  s tu d y  i s  t h e r e f o r e
q u e s t i o n a b l e .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  the  Lewis lung (and B16 melanoma)
m ur ine  tumour models  have  weighed up to  15% o f  t h e  body w e i g h t  o f  t h e
an im a ls  i n t o  which t h e y  were im p l a n t e d  ( C h a p te r s  2 and 3 ) .  The e a r l i e s t  
day a t  which normal  t i s s u e s  o f  a t u m o u r - b e a r i n g  an im a l  were i n v e s t i g a t e d  
was 5 days a f t e r  i m p l a n t a t i o n ,  when th e  Lewis lung  ca rc inom a  was n o t  y e t  
p a l p a b l e  and p r o b a b l y  o c c u p ie d  c o n s i d e r a b l y  l e s s  th a n  1% o f  body w e i g h t .  
An i n c r e a s e d  h e p a t i c  GSH S - e p o x id e  t r a n s f e r a s e  a c t i v i t y ,  ha v e  been  
o b s e rv e d  f o r  an im a ls  t h a t  had b o rn e  Lewis lung  c a rc inom as  f o r  5 days 
( C h a p te r  3 ) .  H e p a t i c  DNA c o n c e n t r a t i o n s  and GSSG r e d u c t a s e  a c t i v i t i e s  a t  
5 days p o s t  i m p l a n t a t i o n ,  however ,  d i d  n o t  d i f f e r  f rom t h o s e  o f  tumour-  
f r e e  m ice .  C a t a l a s e ,  GSH p e r o x i d a s e  and SOD a c t i v i t i e s  have  n o t  been
d e te r m i n e d  f o r  mice t h a t  have  b o r n e  Lewis lung  c a rc inom a s  f o r  l e s s  t han
12 days ;  p e r t u r b a t i o n s  o f  t h e s e  enzymes i n  t u m o u r - b e a r i n g  mice  m ig h t  have  
been  th e  p r im a ry  c a u se  o f  t h e  d e l e t e r i o u s  s y s t e m ic  changes  i n  non­
n e o p l a s t i c  t i s s u e s .
m e  pu rp o se  o r  t n e  p r e s e n t  i n v e s t i g a t i o n s  was to  examine the  above 
h y p o t h e s i s  by d e t e r m i n i n g  w h e th e r  t h e r e  were any changes  i n  a n t i o x i d a n t  
d e f e n c e  o r  s u s c e p t i b i l i t y  to  l i p i d  p e r o x i d a t i o n  i n  normal  t i s s u e s  o f  
m ice ,  w i t h i n  3 days o f  i m p l a n t a t i o n  w i t h  Lewis lung  c a r c in o m a s .  As th e  
i n t r a m u s c u l a r l y - i m p l a n t e d  Lewis lung  c a rc inom a  would p r o b a b l y  weigh l e s s  
than  10 mg, a t  t h i s  j u n c t u r e ,  any o b s e rv e d  b i o c h e m i c a l  v a r i a t i o n s  would 
be u n l i k e l y  to  be caused  by t h e  p h y s i c a l  b u rd en  o f  t h e  tumour o r  by
d e p r i v a t i o n  o f  e s s e n t i a l  n u t r i e n t s .  S h o r t - t e r m  s y s t e m ic  e f f e c t s  would
p r o b a b l y  o n ly  r e s u l t  f rom the  immune r e a c t i o n  o f  t h e  h o s t  mouse,  o r  f rom 
r e a c t i v e  s u b s t a n c e s  e l a b o r a t e d  by t h e  tumour i n t o  t h e  c i r c u l a t i o n  o f  the  
h o s t .  Thus ,  i n  a d d i t i o n  to  t h e  u s u a l  Lewis lung c a r c i n o m a - i m p l a n t e d  mice 
and t h e i r  s a l i n e - i n j e c t e d  c o n t r o l s ,  an e x p e r i m e n t a l  group  was u s e d ,  i n  
which mice were i m p la n te d  w i th  Lewis lung  c a rc inom a  c e l l s  t h a t  had been  
p r e t r e a t e d  w i th  mitomycin  C. The m itomycin  C- t r e a t e d  c e l l s  would have
been  n o n - v i a b l e  b u t  p r o b a b l y  c ou ld  p roduce  th e  same a c t i v e  s u b s t a n c e s  and 
ha v e  t h e  same a n t i g e n i c i t y  as  v i a b l e  Lewis lung  ca rc inom a  c e l l s .
The second  p a r t  o f  the  p r e s e n t  c h a p t e r  i s  con c e rn e d  w i t h  t h e  p o s s ­
i b i l i t y  t h a t  many o f  the  b i o c h e m i c a l  a l t e r a t i o n s ,  r e p o r t e d  f o r  t h e  l i v e r s
o f  t u m o u r - b e a r i n g  a n im a ls  and c a n c e r  p a t i e n t s ,  a r e  caused  by changes  i n  
t h e i r  l i p i d  c o m p o s i t i o n  ( C h a p te r  3 ) .  Tum our -bear ing  r a t s  have been
o b s e rv e d  to  have i m p a i r e d  f ee d b a c k  r e g u l a t i o n  o f  h e p a t i c  c h o l e s t e r o l  
b i o s y n t h e s i s  (Shapot  e t  a l , 1972) ;  p ro found  changes  i n  t h e  l i p i d
c o m p o s i t i o n  o f  the  l i v e r s  o f  t u m o u r - b e a r i n g  a n im a ls  has  be e n  r e p o r t e d  
(Baum and N i s h im u ra ,  1964; C a r r u t h e r s  and Kim, 1968; P o lya kov  e t  a l , 
1977) .  T um our-bear ing  an im a ls  and c a n c e r  p a t i e n t s  g e n e r a l l y  have  
d e p r e s s e d  a c t i v i t i e s  o f  h e p a t i c  c a t a l a s e  ( C h a p te r  3 ) .  I t  ha s  b e e n
p o s t u l a t e d  t h a t  pe rox i som es  have a s i g n i f i c a n t  r e g u l a t o r y  r o l e  i n  l i p i d  
m e ta b o l i s m  (Crane and M a s t e r s ,  1984) .  As c a t a l a s e  i s  an i n t e g r a l  
component  o f  p e ro x i s o m e s ,  change i n  h e p a t i c  c a t a l a s e  a c t i v i t y  m ig h t  a l t e r  
t h e  l i p i d  c o m p o s i t i o n  o f  the  l i v e r s  o f  an im a ls  o r  man w i t h  n e o p l a s t i c
disease.
The l i v e r s  o f  g e n e t i c a l l y - o b e s e  C57BL6 mice  have been  r e p o r t e d  to  
have  d e c r e a s e d  GSH p e r o x i d a s e  a c t i v i t y  and T B A - re a c t i v e  m a t e r i a l  concen ­
t r a t i o n s ,  and to  unde rgo  a  more p ronounced NADPH-mediated m ic ro som al
l i p i d  p e r o x i d a t i o n  r e a c t i o n  than  l e a n  mice (C a pe l  and D o r e l l ,  1984) .  
These p e r t u r b a t o n s  were s i m i l a r  to  t h o s e  o f  t h e  l i v e r s  o f  m ic e ,  b e a r i n g  
Lewis lung  c a rc in o m a s .  The f o l l o w i n g  i n v e s t i g a t i o n s  have  t h u s  u s e d  th e  
l i v e r  o f  the  obese  mouse as  a model f o r  t h e  l i v e r  o f  t h e  Lewis  lung
c a r c i n o m a - b e a r i n g  mouse.  DNA c o n c e n t r a t i o n ,  T B A - re a c t iv e  m a t e r i a l  
c o n c e n t r a t i o n ,  and SOD, c a t a l a s e ,  GSH p e r o x i d a s e  and ' y - g l utaray l  t r a n s ­
p e p t i d a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  obese  mice  and l e a n  c o n t r o l s  were
de t e m in e d .  The non-enzym ic  ( i r o n / a s c o r b a t e - m e d i a t e d )  l i p i d  p e r o x i d a t i o n
r e a c t i o n  o f  h e p a t i c  m ic ro som es ,  f rom l e a n  and obese  m ic e ,  was a l s o  
s t u d i e d .  The v a r i a t i o n s  o f  t h e s e  p a r a m e t e r s  f rom th e  l e v e l s  o b s e r v e d  f o r  
l e a n  m ic e ,  were then compared w i th  t h a t  o b s e r v e d - f o r  m ic e ,  b e a r i n g  Lewis 
lung  c a rc in o m a s .  These s t u d i e s  showed t h a t  obese  m ice ,  l i k e  tumour-  
b e a r i n g  a n im a l s ,  e x h i b i t e d  e v i d e n c e  o f  i n c r e a s e d  h e p a t i c  a u t o x i d a t i v e  
i n j u r y .
EXPERIMENTAL
Chemicals
A l l  ch e m ica l s  were o f  the  h i g h e s t  p u r i t y ,  c o m m e rc i a l l y  a v a i l a b l e ,  
and were s u p p l i e d  by e i t h e r  F i s o n s  S c i e n t i f i c  A p p a r a t u s ,  Loughborough ,  
L e i c s . ,  o r  by Sigma London Chemica l  Co. L t d . ,  P o o l e ,  D o r s e t .
Animals  and T rea tm en t
Animals  were m a i n t a i n e d  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p t e r  2 ) .  The
s t u d i e s  to  d e t e r m i n e  th e  s h o r t - t e r m  e f f e c t s  o f  i m p l a n t i n g  Lewis lung 
c a r c in o m a s ,  upon normal  m ur ine  t i s s u e s ,  used  male C57BL6 mice  o f  body 
w e igh t  24 .2  +_ 0 . 8 g  (8 wks o f  a g e ) .  The s t u d i e s  o f  g e n e t i c a l l y - o b e s e  mice  
were u n d e r t a k e n  w i t h  male  C57BL6 ob /ob  mice o f  body w e i g h t  34 .7  + v0 .9g
(aged 8 wks) ,  and w i t h  male  age -m atched  C57BL6 l e a n  c o n t r o l s  o f  body 
w e ig h t  26 .0  +_ 0 . 7 g .  A l l  a n im a ls  were s u p p l i e d  by O la c ,  B i c e s t e r ,  Oxon. 
Mice were  k i l l e d  by CQ n a r c o s i s  and c a r d i o p u n c t u r e .
Lewis  lung ca rc inom a  c e l l s  were t a k e n  from the  p r i m a r y  f r o z e n  s t o c k  
and grown in  c u l t u r e ,  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  2 ) ,  u n t i l  t h ey  
were s e m i - c o n f l u e n t .  The c e l l s  were th e n  d i s p e r s e d  w i t h  t r y p s i n ,  
r e s u s p e n d e d  in  p h o s p h a t e - b u f f e r e d  s a l i n e  and c o u n t e d ,  u s i n g  a 
haemocyto rae te r .  The c e l l  s u s p e n s i o n s  were then  d i v i d e d  i n t o  two 
a p p r o x i m a t e l y  e q u a l  p a r t s  and r e i n t r o d u c e d  to  d i s h e s ,  c o n t a i n i n g  c u l t u r e  
medium. To one h a l f  o f  t h e  c e l l s ,  mitomycin  C was added ,  a t  a 
c o n c e n t r a t i o n  o f  5 / ig /10^  c e l l s ;  A l l  c e l l s  were m a i n t a i n e d  i n  c u l t u r e  
o v e r n i g h t .  The f o l l o w i n g  day ,  t h e  c e l l s  were d i s a g g r e g a t e d  i n t o
s i n g l e  c e l l  s u s p e n s i o n s ,  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  2 ) .  Mice were 
then  d i v i d e d ,  by random , s e l e c t i o n ,  i n t o  3 e x p e r i m e n t a l  g roups  o f  
a p p r o p r i a t e  s i z e .  Animals  f rom one group were i n o c u l a t e d  i n  t h e  h i n d l i m b  
w i th  a  0 .1m l  i n j e c t i o n  o f  5 x 10^ u n t r e a t e d  tumour c e l l s .  A second  group  
were i n o c u l a t e d  w i th  t h e  same number o f  mitomycin  C - p r e t r e a t e d  c e l l s ,  and 
the  t h i r d  group r e c e i v e d  0 .1m l  o f  p h o s p h a t e - b u f f e r e d  s a l i n e  o n l y .
Animals  were k i l l e d  a t  1, 3 o r  14 days  a f t e r  t h e  i n o c u l a t i o n  
p r o c e d u r e .  Blood was removed by c a r d i o p u n c t u r e  w i t h  a h e p a r i n i z e d  lral 
s y r i n g e .  • The m ic e ,  k i l l e d  a t  14 days p o s t  i m p l a n t a t i o n ,  were u s e d  to  
e n s u r e  t h a t  the  n o n - v i a b l e  c e l l s  d i d  no t  p ro d u ce  a tumour,  and to  che ck
t h a t  t h e  growth r a t e  and s y s t e m i c  a c t i o n s  o f  the  v i a b l e  Lewis lung
\
c a rc in o m a s  were s i m i l a r  to  t h a t  o b s e rv e d  i n  p r e v i o u s  s t u d i e s .  Obese m ice  
and t h e i r  l e a n  c o n t r o l s  were no t  i n o c u l a t e d  w i t h  tumour c e l l s .
Biochemical Assays
T i s u e s  were homogenised and d i v i d e d  i n t o  s u b c e l l u l a r  f r a c t i o n s  as
d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  2 ) .  P r o t e i n  c o n c e n t a t i o n s  were d e t e r m i n e d  
by t h e  p r o c e d u r e ,  u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  (Lowry e t  a l ,  1951) .  DNA 
c o n c e n t r a t i o n s ,  and a c t i v i t i e s  o f  SOD, GSH p e r o x i d a s e ,  c a t a l a s e  and
^ “ g l u t a m y l  t r a n s p e p t i d a s e  were d e t e r m i n e d  by p r e v i o u s l y  d e s c r i b e d  methods 
( C h a p te r  2 ) .  L i p o p e r o x i d e  c o n c e n t r a t i o n s  were e s t i m a t e d  by th e  two 
a p p l i c a t i o n s  o f  t h e  TBA t e s t ,  e v a l u a t e d  i n  C h a p t e r  4.  
I r o n / a s c o r b a t e - i n d u c e d  m ic rosomal  l i p i d  p e r o x i d a t i o n  was m o n i t o r e d  by
d e t e r m i n i n g  che m i lum ine sc e nce  and T B A - re a c t iv e  m a t e r i a l  p r o d u c t i o n ,  as
d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  4 ) .
DNA c o n c e n t r a t i o n s  and c a t a l a s e  a c t i v i t i e s  were a s c e r t a i n e d ,  u s i n g  
whole t i s s u e  homogenates  t h a t  had been  s t o r e d  a t  - 2 0 °  C f o r  n o t  more t han  
2 weeks.  A l l  o t h e r  s t u d i e s  were u n d e r t a k e n  w i t h  h a e m o l y s a t e s  o r  
s u b c e l l u l a r  f r a c t i o n s  t h a t  had been  r e f r i g e r a t e d  a t  4°  C f o r  n o t  more than  
48 h r s  a f t e r  k i l l i n g  t h e  e x p e r i m e n t a l  a n i m a l s .
Blood packed c e l l  volumes and haemoglob in  c o n c e n t r a t i o n s  were 
e s t i m a t e d  as  d e s c r i b e d  p r e v i o u s l y  ( C h a p te r  3 ) .  The i n s t r u m e n t i o n  employed 
i n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  has  been  d e s c r i b e d  in  p r e v i o u s  c h a p t e r s .
L e u k o c y te - in d u c e d  Chem iluminescence  a t  t h e  I n o c u l a t i o n  S i t e
A s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  w h e th e r  t h e  i n t r o d u c t i o n  o f  
tumour c e l l s  had evoked a p h a g o c y te - m e d ia t e d  i n f l a m m a to r y  r e a c t i o n  a t  t h e  
i n t r a m u s c u l a r  s i t e  o f  i n o c u l a t i o n  (Dowling e t  a l , 1985 ) .  A c t i v a t e d  
p h a g o c y te s  g e n e r a t e  r e a c t i v e  oxygen s p e c i e s  which may o x i d i z e  Lum inol  i n  
a c h e m i lu m in e s c e n t  r e a c t i o n  ( C h a p te r s  1 and 4 ) .  The a p p r o p r i a t e  l imb was 
e x c i s e d  from mice ,  k i l l e d  a t  1 o r  3 days a f t e r  t h e  i n o c u l a t i o n  p r o c e d u r e .  
The s k i n  and f u r  o f  t h e  l eg  were removed and the  p o r t i o n  o f  t h e  l e g ,  
p r o x im a l  to  the  knee  j o i n t ,  r e t a i n e d .  The m usc le  was e x c i s e d  from t h e
femur ,  and f i n e l y  chopped ,  u s i n g  a s c a l p e l  b l a d e .  The p i e c e s  o f  musc le  
were t h e n  p l a c e d  i n t o  p l a s t i c  s c i n t i l l a t i o n  v i a l s  ( d a r k  a d a p t e d ) ,
c o n t a i n i n g  p h o s p h a t e - b u f f e r e d  s a l i n e ,  prewarraed to  37°  C. The
p h o s p h a t e - b u f e e d  s a l i n e  c o n t a i n e d  l u m i n o l  a t  a 1 0 0 - f o l d  d i l u t i o n  o f  the
R •Luminol s t o c k  ( C h a p t e r  4 ) .  The l u m in o l  - m e d i a t e d  c h e m i lu m in e s c e n c e  o f
h i n d l i m b  musc le  was m easu red  w i t h i n  15 min o f  mice  b e i n g  k i l l e d .
S t a t i s t i c a l  A na ly ses
Results were expressed as mean _+ SEM. Experimental group means, from 
the study of the short-term systemic effects of Lewis lung carcinomas, 
were compared by analysis of variance and the Newman-Keuls test. The 
experimental means from the studies of obese mice were compared with 
those of lean mice, using the Student's t-test.
RESULTS
Short-term Systemic Effects of Lewis Lung Carcinomas
Organ w e i g h t s :  The re  were no d i f f e r e n c e s  be tw een  t h e  l i v e r  and lung
w e ig h t s  o f  mice from th e  t h r e e  e x p e r i m e n t a l  g r o u p s ,  a t  1,  3 o r  14 days
a f t e r  t h e  i n o c u l a t i o n  p r o c e d u r e .  The s p l e e n  w e i g h t s  o f  m i c e ,  i m p l a n t e d  
w i th  tumour c e l l s  d i d  n o t  d i f f e r  f rom t h o s e  of  t h e  s a l i n e - i n j e c t e d  
c o n t r o l s ,  a t  1 and 3 days p o s t - i n o c u l a t i o n .  The s p l e e n s  o f  m ice  t h a t  had 
bo rn e  Lewis lung c a rc in o m a s  f o r  14 days o r  more weighed 120% more than  
t h o s e  o f  mice t h a t  had been  i n j e c t e d  w i t h  s a l i n e  o r  n o n - v i a b l e  c e l l s .
A n t i o x i d a n t  d e f e n c e  enzymes o f  l i v e r :  Mice,  t h a t  had b o r n e  Lewis lung
ca rc in o m a s  f o r  14 d a y s ,  had s i g n i f i c a n t l y  d e c r e a s e d  h e p a t i c  c a t a l a s e  and 
m i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  ( t a b l e s  5 . 5  and 5 . 2 ) ,  and 
i n c r e a s e d  h e p a t i c  DNA c o n c e n t r a t i o n s  ( t a b l e  5 . 6 ) .  C y t o s o l i c  GSH p e r o x ­
i d a s e  and SOD a c t i v i t i e s  o f  t h e  l i v e r s  o f  t h e s e  a n im a ls  d i d  n o t  d i f f e r  
f rom t h o s e  o f  t h e  t u m o u r - f r e e  c o n t r o l s  ( t a b l e s  5 .1  and 5 . 3 ) .
TABLE 5.1 - Hepatic Cytosolic GSH Peroxidase Activities of C57BL6
Mice I m p l a n te d  w i t h  Lewis Lung Carc inomas  
C o n t r o l  mice  were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and th e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean +_ SEM a t  each  t ime i n t e r v a l .  
P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
Time a f t e r  CONTROL +VE CONTROL TUMOUR-BEARING
i n o c u l a t i o n  ( s a l i n e )  ( n o n - v i a b l e  c e l l s )  ( v i a b l e  c e l l s )
( d a y s )  n = 3 n = 4 n = 5
(Enzyme u n i t s  /  mg p r o t e i n )
128 + 9  115 + 10 122 + 11
118 + 4  128 + 13 112 + 6
15 119 + 9 121 + 8 115 + 5
Enzyme u n i t s  a r e  d e f i n e d  as 1000 x l o g in ( d e c r e a s e  i n  GSH/min) a t  37° 
C, pH 7 . 0 .
No s i g n i f i c a n t  d i f f e r e n c e s  (P>0 .05)  by Newman-Keuls t e s t  ( a f t e r  a n a l y s i s  
o f  v a r i a n c e ) .
TABLE 5.2 - Hepatic Mitochondrial GSH Peroxidase Activities of C57BL6
Mice I m p l a n te d  w i t h  Lewis Lung Carcinomas 
C o n t r o l  mice  were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean _+ SEM a t  each  t im e i n t e r v a l .  
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
Time a f t e r  CONTROL +VE CONTROL TUMOUR-BEARING
i n o c u l a t i o n  ( s a l i n e )  ( n o n - v i a b l e  c e l l s )  ( v i a b l e  c e l l s )
( d a y s )  n = 3 n = 4 n = 5
(Enzyme u n i t s  /mg p r o t e i n )
17 + 0 . 5  19 + 0 .7  17 + 0 .5
18 + 2 . 4  20 + 1 .5  16 + 1.7
14 17 + 1 .0 18 + 0 .7 11 +  1 . 2 ‘
Enzyme u n i t s  a r e  d e f i n e d  as 1000 x l o g ln ( d e c r e a s e  i n  GSH/min) a t  37° 
C, pH 7 . 0 .
3 Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 5.3 - Hepatic Cytosolic Superoxide Dismutase Activities of C57BL6
Mice Implanted with Lewis Lung Carcinomas
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean _+ SEM a t  each  t ime i n t e r v a l .  
P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
Time a f t e r
i n o c u l a t i o n
(d a y s )
CONTROL
( s a l i n e )
n = 3
( n o n - v i a b l e  c e l l s )  
n = 4
+VE CONTROL TUMOUR-BEARING 
( v i a b l e  c e l l s )  
n = 5
R o( u n i t s  [Sigma ]/mg p r o t e i n  a t  25 _+ 2 C, pH 7 . 5 )
1 23 + 0 .5 26 + 0 .6 23 + 1 .8
3 21 + 2 . 1 28 + 1.7 24 + 0 .5
14 2 4 + 1 . 9 24 + 0 .9 25 + 0 .7
No significant differences (P>0.05) by Newman-Keuls test (after analysis
of variance).
TABLE 5.4 - Hepatic Mitochondrial Superoxide Dismutase Activities of
C57BL6 Mice I m p l a n te d  w i t h  Lewis Lung Carcinomas 
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean + SEM a t  each t im e i n t e r v a l .  
P r o t e i n  was d e te r m in e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
Time a f t e r  CONTROL +VE CONTROL TUMOUR-BEARING
i n o c u l a t i o n  ( s a l i n e )  ( n o n - v i a b l e  c e l l s )  ( v i a b l e  c e l l s )
( d ay s )  n = 3 n = 4 n = 5
( u n i t s  [Sigma ]/mg p r o t e i n  a t  25 + 2°  C, pH 7 . 5 )
6 . 0  + 0 . 1  4 .9  + 0 .1  5 .7  + 0 . 4
4 . 8  + 0 . 3  5 .6  + 0 .3  4 .7  + 0 . 2
14 5 . 3  + 0 . 4  5 . 3  + 0 . 4  5 . 0  + 0 . 1
No significant differences (P>0.05) by Newman-Keuls test (after analysis
of variance).
Hepatic GSH peroxidase, SOD and catalase activities, at 1 and 3 days 
after the inoculation procedure, did not vary significantly between mice 
injected with viable tumour cells or non-viable cells and saline-injected 
controls (tables 5 .1  to 5 . 5 ) .  The hepatic DNA concentrations of mice, 
killed 1 or 3 days after inoculation with viable or non-viable Lewis lung 
carcinoma cells, did not differ from those of animals injected with 
saline only (table 5 . 6 ) .
Antioxidant defence enzymes of blood (table 5 . 7 ) :  The erythrocyte GSH
peroxidase and catalase activities of mice, injected with viable Lewis 
lung carcinoma cells, did not vary from those of control animals, at 1 or 
3 days post inoculation. The erythrocyte GSH peroxidase activities of 
tumour-bearing mice, killed 14 days after implantation, was about 17% 
less than that of the control groups. Erythrocyte SOD activities of mice, 
inoculated with non-viable cells, were considerably greater than those of 
animals, inoculated with saline only. This effect was observed at 1 and 3 
days but not 14 days after the inoculation procedure. The erythrocyte SOD 
activities of mice, implanted with viable tumour cells were greater than 
the levels observed for saline-injected controls, by 87% at 3 days and 
210% at 14 days, post inoculation.
L i p o p e r o x i d e  c o n c e n t r a t i o n s :  Pulmonary m ic rosom al  l i p o p e r o x i d e  (TBA-
r e a c t i v e  m a t e r i a l )  c o n c e n t r a t i o n s  o f  m ice ,  i n j e c t e d  w i t h  n o n - v i a b l e  
c e l l s ,  d i d  no t  d i f f e r  from t h o s e  o f  s a l i n e  i n j e c t e d  c o n t r o l s  ( t a b l e  5 . 8 ) .  
At 3 and 14 days p o s t  i m p l a n t a t i o n ,  t h e  T B A - re a c t i v e  m a t e r i a l  c o n c e n ­
t r a t i o n s  o f  pulmonary microsoraes  f rom Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  
were a b o u t  180% and 70% r e s p e c t i v e l y  g r e a t e r  t h a n  t h o s e  o f  c o n t r o l  
a n im a ls  ( t a b l e  5 . 8 ) .
The h e p a t i c  m ic rosom al  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  
a n i m a l s ,  i n j e c t e d  w i th  v i a b l e  o r  n o n - v i a b l e  tumour c e l l s ,  were m a r g i n a l l y  
l e s s  t h a n  t h a t  o f  u n t r e a t e d  mice ,  a t  1 day p o s t  i n o c u l a t i o n  ( t a b l e  5 . 9 ) .
TABLE 5.5 - Hepatic Catalase Activities of C57BL6 Mice Implanted with
Lewis Lung Carcinomas
C o n t r o l  mice were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  
and th e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean _+ SEM a t  each t ime i n t e r v a l .  
P r o t e i n  was d e te r m in e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
Time a f t e r  CONTROL +VE CONTROL TUMOUR-BEARING
i n o c u l a t i o n  ( s a l i n e )  ( n o n - v i a b l e  c e l l s )  ( v i a b l e  c e l l s )
( d a y s )  n = 3  n = 4 n = 5
( k/min/mg p r o t e i n )
2 .7  + 0 . 3  2 . 4  + 0 .1  2 .5  + 0 .1
2 .8  + 0 . 4  2 .5  + 0 . 3  2 .9  + 0 .1
14 2 .8  + 0 . 3  2 .6  + 0 . 2  1 .8  + 0 . 1 a
k i s  t h e  f i r s t  o r d e r  r e a c t i o n  r a t e  c o n s t a n t  a t  2 + 1° C, pH 7 . 4 .
3 Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscriqt
letter.
TABLE 5.6 - Hepatic DNA Concentrations of C57BL6 Mice Implanted with
Time a f t e r
i n o c u l a t i o n
( d ay s )
1
3
14
Lewis Lung Carc inom as
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and the  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i th  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean + SEM a t  each  t ime i n t e r v a l .  
P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as the  s t a n d a r d .
CONTROL +VE CONTROL TUMOUR-BEARING
( s a l i n e )  ( n o n - v i a b l e  c e l l s )  ( v i a b l e  c e l l s )
n = 3 n = 4 n = 5
(fig f o e t a l  c a l f  DNA e q u i v a l e n t s / m g  p r o t e i n )
6 .2  + 0 . 3  6 .2  + 0 . 1  6 .1  + 0 .1
6 .3  + 0 . 6  6 .1  + 0 .1  6 .3  + 0 .1
6 .3  + 0 . 2  6 .3  + 0 . 2  10 .0  + 0 . 8 a
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 5.7- Erythrocyte GSH Peroxidase, Superoxide Dismutase and Catalase Activities
o f  C57BL6 Mice Im p l a n te d  w i t h  Lewis Lung Carc inomas 
C o n t r o l  mice were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  and th e  
p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  c e l l s .  R e s u l t s  
r e p r e s e n t  mean o f  d u p l i c a t e  d e t e r m i n a t i o n s  from t h e  b lood  c o m p o s i t e s  
o f  2-3 m ice ,  a t  each  t ime i n t e r v a l .
GSH P e r o x i d a s e  Sup e ro x id g  D ism utase  ^  C a t a l a s e
( Enzyme u n i t s / m g  Hb) ( u n i t s  [Sigma ]/mg Hb ( k/min /mg Hb)
a t  25 + 2°  C, pH 7 . 5 )
Time
a f t e r
i n o c u l a t i o n  
( d a y s )
C o n t r o l  P o s i t i v e  
C o n t r o l  
n=3 n=4
Tumour-
b e a r i n g
n=5
C o n t r o l
n=3
P o s i t i v e
C o n t r o l
n=4
Tumour-
b e a r i n g
n=5
C o n t r o l
n=3
P o s i t i v e
C o n t r o l
n=4
Tumour-
b e a r i n g
n=5
1 14 .5 15 .0 14 .9 1 .58 2 .42 1.61 0 .9 2 0 .9 4 1.17
3 14.5 14 .8 14 .7 1 .4 4 3 .5 0 2 .69 1.20 1.10 1.25
14 15.1 15 .0 12 .4 1 .62 1.55 5 .0 3 1.20 1.17 1 .13
Enzyme u n i t s  a r e d e f i n e d  as 1000 x logj^Q ( d e c r e a s e  in GSH/min) a t  37°C , pH 7 . 0 .
k i s  the f i r s t - o r d e r  r e a c t i o n  r a t e c o n s t a n t a t  2 + 1°  C, pH 7 .4 .
TABLE 5 . 8  -  Pulmonary  and Tumour Microsomal  T h i o b a r b i t u r i c
A c i d - R e a c t i v e  M a t e r i a l  C o n c e n t r a t i o n s  o f  C57B16 Mice 
Im p l a n te d  w i t h  Lewis  Lung Carcinomas
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and th e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean SEM a t  each t im e i n t e r v a l .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4 C p r i o r  to  
a n a l y s i s .  T h i o b a r b i t u r i c  a c i d - r e a c t i v i t y  was d e t e r m i n e d  
u s i n g  0 .1  M p h t h a l a t e  b u f f e r  (pH 3 . 5 )  as  t h e  a c i d  medium. 
R e a c t i o n  m i x t u r e s  c o n t a i n e d  0.01% w/v BHT and 0 .1  mM 
DETAPAC. P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Time after CONTROL +VE CONTROL TUMOUR-BEARING
inoculation (saline) (non-viable cells) (viable cells)
(days)
Lung Lung Lung Tumour
n = 3 n = 4  n = 5 n = 5
(nmol m a lo n d ia ld e h y d e  e q u i v a l e n t s / m g  p r o t e i n )
1 .1  + 0 . 3  1 .2  + 0 . 2  1 .0  + 0 .1
1 .0  + 0 . 2  1 .3  + 0 . 3  3 .2  + 0 . 3 a
14 1 .0  + 0 . 2  1 .0  + 0 .1  1 .8  + 0 .2  3 . 0  + 0 . 4 a
- Insufficient tissue for assay, 
a-b Significantly different (P<0.05) by Newman-Keuls test (after
analysis of variance) from all values except those bearing the same
superscript letter. Tumour values compared with those of control lung.
TABLE 5.9 - Hepatic Microsomal Thiobarbituric Acid-Reactive Material
Time a f t e r  
i n o c u l a t i o n  
( d a y s )
1
3
14
C o n c e n t r a t i o n s  of. C57BL6 Mice I m p la n te d  w i t h  Lewis Lung 
Carcinomas
C o n t r o l  mice were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  
and the  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean + SEM a t  each  t ime i n t e r v a l .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  
a n a l y s i s .  T h i o b a r b i t u r i c  a c i d - r e a c t i v i t y  was d e t e r m i n e d  
u s i n g  0 .1  M p h t h a l a t e  b u f f e r  (pH 3 . 5 )  a s  t h e  a c i d  medium. 
R e a c t i o n  m i x t u r e s  c o n t a i n e d  0.01% w/v BHT and 0 .1  mM 
DETAPAC. P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
CONTROL +VE CONTROL TUMOUR-BEARING
n = 3 n = 4 n = 5
(nmol m a l o n d ia l d e h y d e  e q u i v a l e n t s / m g  p r o t e i n )
1 .2  + 0 .1  0 . 9  + 0 .1  1 .0  + 0 .1
1 .4  + 0 .1  1 .6  + 0 .1  1 .6  + 0 .1
1 .4  + 0 .1  1 .3  + 0 .1  1 .3  + 0 .1
No s i g n i f i c a n t  d i f f e r e n c e s  (P> 0 .05)  by Newman-Keuls t e s t  ( a f t e r  
a n a l y s i s  o f  v a r i a n c e ) .
At 3 and 14 days  p o s t  i n o c u l a t i o n ,  t h e r e  were no d i f f e r e n c e s  i n  the  
h e p a t i c  T B A - r e a c t i v i t i e s  be tw een  any o f  t h e  e x p e r i m e n t a l  g ro u p s  ( t a b l e  
5 . 9 ) .  The T B A - r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n s ,  d e s c r i b e d  th u s  f a r ,  were 
d e t e r m i n e d  u s i n g  th e  p r o c e d u r e ,  employing p h t h a l a t e  b u f f e r .  When the  
method u s i n g  was u s e d ,  t h e  h e p a t i c  m ic rosom al  T B A - r e a c t i v e  m a t e r i a l
c o n c e n t r a t i o n s  o f  m ic e ,  i m p la n t e d  w i th  v i a b l e  o r  n o n - v i a b l e  c e l l s ,  d id  
n o t  d i f f e r  f rom t h a t  o f  s a l i n e - i n j e c t e d  c o n t r o l s  ( t a b l e  5 . 1 0 ) .  /
I r o n / a s c o r b a t e - m e d i a t e d  l i p i d  p e r o x i d a t i o n :  The maximal  i r o n / a s c o r b a t e
c he m i lu m in e s c e n c e  o f  m ic e ,  t h a t  had been i n j e c t e d  w i t h  tumour c e l l s  d id  
n o t  d i f f e r  f rom t h a t  o f  s a l i n e - i n j e c t e d  c o n t r o l s  ( t a b l e  5 . 1 1 ) .  The t o t a l  
c h e m i lu m in e s c e n c e  ( i n t e g r a l  o f  chem i lum inescence  a g a i n s t  t im e  o f  r e a c t i o n  
p l o t s )  was a p p r e c i a b l y  g r e a t e r  in  p e r o x i d i z i n g  pu lm onary  microsom es  from 
t u m o u r - i m p l a n te d  mice than  t u m o u r - f r e e  c o n t r o l s ;  and a b o u t  30% g r e a t e r  
t h a n  c o n t r o l  v a l u e s  i n  mice,  3 days a f t e r  i m p l a n t a t i o n  w i t h  n o n - v i a b l e  
c e l l s  ( t a b l e  5 . 1 2 ;  f i g .  5 . 1 ) .  The maximal  c h e m i lu m in e s c e n c e  o f  i r o n /  
a s c o r b a t e - c h a l l e n g e d  tumour microsomes was a p p r o x i m a t e l y  h a l f  t h a t  o f  
c o n t r o l  pu lmonary  mic rosomes ( t a b l e  5 . 1 1 ) ,  and th e  t o t a l  cherai-  
l u m in e s c e n c e  was 66% o f  t h a t  o f  lung  ( t a b l e  5 . 1 2 ;  f i g .  5 . 1 )
The peak  c he m i lum ine sc e nce  o f  p e r o x i d i z i n g  h e p a t i c  mic rosom es  from 
m ic e ,  i m p l a n t e d  w i t h  v i a b l e  c e l l s ,  was m a r g i n a l l y  l e s s  t h a n  t h e  c o n t r o l  
l e v e l s ,  a t  1 and 3 days  p o s t - i n o c u l a t i o n ,  b u t  s i g n i f i c a n t l y  g r e a t e r  than  
th e  c o n t r o l  l e v e l s  a t  14 days ( t a b l e  5 . 1 3 ;  f i g .  5 . 2 ) .  The t o t a l  h e p a t i c  
m ic rosom al  c he m i lu m in e s c e n c e  o f  t u m o u r -b e a r i n g  m ic e ,  was 88% o f  c o n t r o l  
v a l u e s  a t  1 day  and 151% a t  14 days p o s t  i n o c u l a t i o n  ( t a b l e  5 . 1 3 ) .  Mice 
i n j e c t e d  w i t h  n o n - v i a b l e  tumour c e l l s ,  had lower peak  and t o t a l  h e p a t i c  
m ic rosom al  c h e m i l u m i n e s c e n c e s , a t  1 day p o s t - i n o c u l a t i o n ,  t h a n  the  
s a l i n e - i n j e c t e d  c o n t r o l s  ( t a b l e s  5 .13  and 5 . 1 4 ) .
R
The basal chemiluminescence, in the presence of Luminol , of muscle 
tissue into which Lewis lung carcinoma cells had been inoculated, did not
TABLE 5.10 - Hepatic Microsomal Thiobarbituric Acid-Reactive Material
Time a f t e r
i n o c u l a t i o n
( d a y s )
1
3
14 .
C o n c e n t r a t i o n s  o f  C57BL6 Mice I m p la n te d  w i t h  Lewis  Lung 
Carcinomas
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and th e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean + SEM a t  each  t im e i n t e r v a l .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  
a n a l y s i s .  T h i o b a r b i t u r i c  a c i d - r e a c t i v i t y  was d e t e r m i n e d  
u s i n g  0 .0 5  M H„S0, as  t h e  a c id  medium. R e a c t i o n  m i x t u r e s  
c o n t a i n e d  0 .0 1 a  w / v  BHT and 0 .1  mM DETAPAC. P r o t e i n  was 
d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  
s t a n d a r d .
+VE CONTROL TUMOUR-BEARING 
n = 4 n = 5
(nmol m a l o n d ia l d e h y d e  e q u i v a l e n t s / m g  p r o t e i n )
3 .5  + 0 . 3  4 . 4  + 0 . 2  4 .8  + 0 .3
3 .6  + 0 . 3  4 . 9  + 0 . 3  4 .6  + 0 . 3
5 .1  + 0 . 5  5 .1  + 0 .5  9 .2  + 0 . 9 a
CONTROL 
n = 3
3.
Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter.
TABLE 5 .11  -  A s c o r b a t e / F e C l ^ - i n d u c e d  Peak Chemiluminescence
o f  Pulmonary  and Tumour Microsomes from C57BL6 Mice,  
B e a r in g  Lewis  Lung Carcinomas
C o n t r o l  mice were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i th  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean +_ SEM a t  each  t im e i n t e r v a l .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  
a n a l y s i s .  P r o t e i n  was d e te r m in e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .  Time (min)  t o  maximum 
c h e m i lu m in e s c e n ce  shown i n  b r a c k e t s .
Time a f t e r  CONTROL
i n o c u l a t i o n  
( d a y s )  Lung
n = 3
+VE CONTROL
Lung 
n = 4
TUMOUR-BEARING
Lung 
n = 5
Tumour 
n = 5
,-3(cpm x 10 /mg p r o t e i n  a t  37 C, pH 7 . 4 )
130 + 9 
( 8 )
131 + 2 
( 8 )
140 + 3 
( 8 )
142 + 27 
( 8 )
175 + 9 
( 8 )
137 + 8 
( 8 )
14 205 + 13 
( 6 )
197 + 25 
( 8 )
170 + 13 
(8 )
82 + 6' 
(7 )
-  I n s u f f i c i e n t  t i s s u e  f o r  a s s a y .
3 * * •  •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05)  by Newman-Keuls t e s t  ( a f t e r  a n a l y s i s  
o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same s u p e r s c r i p t  
l e t t e r .  Tumour v a l u e s  compared w i t h  t h o s e  o f  c o n t r o l  lung .
TABLE 5 .1 2  ■ A s c o r b a t e y F e C l ^ - i n d u c e d  T o t a l  Chemiluminescence
o f  Pulmonary  and Tumour Microsomes from C57BL6 Mice,  
B e a r in g  Lewis  Lung Carc inomas
C o n t r o l  mice  were i n j e c t e d  w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean s u r f a c e  a r e a  e n c l o s e d  by 
g rap h s  o f  ch e m i lu m in e s c e n ce  p l o t t e d  a g a i n s t  t im e .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  
a n a l y s i s .
Time a f t e r  CONTROL
i n o c u l a t i o n  
( d a y s )  Lung
n = 3
+VE CONTROL
Lung 
n = 4
TUMOUR-BEARING
Lung Tumour
n = 5 n = 5
(% o f  c o r r e s p o n d i n g  c o n t r o l  pulmonary v a l u e )
100 110 154
100 130 150
14 100 110 130 66
I n s u f f i c i e n t  t i s s u e  f o r  a s s a y .
a Significantly different (P<0.05) by Newman-Keuls test (after analysis
of variance) from all values except those bearing the same superscript
letter. Tumour values compared with those of control lung.
TABLE 5.13 ■
Time a f t e r  
I n o c u l a t i o n  
( d a y s )
1
3
14
-A s c o r b a t e / F e C l ^ - i n d u c e d  Peak  Chem ilum inescence  o f  H e p a t i c  
Microsomes  from C57BL6 Mice,  I m p l a n te d  w i t h  Lewis  Lung 
Carc inomas
C o n t r o l  mice were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  
and t h e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean + SEM a t  each  t ime  i n t e r v a l .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4 C p r i o r  to  
a n a l y s i s .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .  Time (min)  to  maximum 
ch e m i lu m in e s c e n ce  shown hn b r a c k e t s .
CONTROL +VE CONTROL TUMOUR-BEARING
n = 3  n = 4 n = 5
(cpm x 10 /mg p r o t e i n  a t  37° C, pH 7 . 4 )
523 + 19 410 + 2 9  4 3 8 + 8
(19 + 1)  (36 + 2)  (35 + 4)
500 + 14 
(24 + 2)
539 + 34 
(22 + 3)
466 + 40 
(24 + 3)
489 + 2 
(22 + 4)
482 + 9 
(21 + 4)
624 + 44* 
(20 + 4)
cl • • # •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by Newman-Keuls t e s t  ( a f t e r  a n a l y s i s  
o f  v a r i a n c e )  f rom a l l  v a l u e s  e x c e p t  t h o s e  b e a r i n g  t h e  same s u p e r s c r i p t  
l e t t e r .
TABLE 5.14
Time a f t e r  
i n o c u l a t i o n  
( d a y s )
1
3
14
A s c o r b a t e / F e C l ^ - i n d u c e d  T o t a l  Chem iluminescence  
o f  H e p a t i c  Microsomes from C57BL6 Mice,  I m p l a n te d  w i t h  
Lewis  Lung Carcinomas
C o n t r o l  mice  were i n j e c t e d  w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  
and th e  p o s i t i v e  c o n t r o l s  were i n o c u l a t e d  w i t h  n o n - v i a b l e  
c e l l s .  R e s u l t s  r e p r e s e n t  mean s u r f a c e  a r e a  e n c l o s e d  by 
g r a p h s  o f  c h em i lum inescence  p l o t t e d  a g a i n s t  t im e .  
Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  
a n a l y s i s .
CONTROL +VE CONTROL TUMOUR-BEARING
n = 3 n = 4 n = 5
(% o f  c o r r e s p o n d i n g  c o n t r o l  h e p a t i c  v a l u e )  
100 78 88
100 109 103
100 97 151 66
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FIG. 5 .1 -  F e C l - /  a s c o r b a t e - i n d u c e d  C hem i lum inescence  o f  
Pulmonary and Tumour Microsomes a t : -  
( a )  1 day ,  (b)  3 d a y s ,  ( c )  14 d a y s ,  A f t e r  
I n o c u l a t i o n  o f  Mice w i t h  Lewis  Lung Carc inom a 
C e l l s .
(•----- •) S a l i n e - i n j e c t e d  c o n t r o l s ,  (o o) C o n t r o l s  i n o c u l a t e d
w i t h  n o n - v i a b l e  c e l l s .  (*-------*) I n o c u l a t e d  w i th  v i a b l e  c e l l s .
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FIG. 5 .2  -  F e C l o / a s c o r b a t e - i n d u c e d  Chem i lum inescence  o f  
H e p a t i c  Microsomes From Mice t h a t  Had Borne 
Lewis Lung Carcinomas f o r  14 Days
(•------•) S a l i n e - i n j e c t e d  c o n t r o l s .  (*------*) C o n t r o l s  i n o c u l a t e d
w i t h  n o n - v i a b l e  c e l l s .  (A A) I n o c u l a t e d  w i t h  v i a b l e  c e l l s .
differ from that of muscle tissue of saline-injected controls. This
c h e m i lu m in e sc e n ce  was a p p r o x i m a t e l y  5000 cpm g r e a t e r  t h a n  t h a t  o f  b u f f e r  
Rand Luminol a l o n e .
S t u d i e s  o f  t h e  L i v e r s  o f  G e n e t i c a l l y  Obese Mice
L i v e r  w e i g h t s  and y i e l d s  o f  s u b c e l l u l a r  f r a c t i o n s :  The l i v e r  wet w e i g h t s
of  o b e s e  and l e a n  mice were 3 .25  _+ 0 . 3 4  g and 1 .44  0 .1 2  g r e s p e c t i v e l y .
The y i e l d s  o f  p r o t e i n  i n  t h e  m i t o c h o n d r i a l  and s o l u b l e  f r a c t i o n s  o f  l i v e r  
d id  n o t  d i f f e r  be tw een  l e a n  and o b e s e  m ice .  The y i e l d  o f  h e p a t i c  m i c r o ­
somes from obese  mice ( 5 . 4  + 0 . 7  mg p r o t e i n / g  wet  wt)  was a b o u t  a t h i r d  
o f  t h a t  o f  l e a n  mice ( 1 5 .7  + 4 . 6  mg/g wet  w t ) .
P r o t e i n  and DNA c o n c e n t r a t i o n s :  H e p a t i c  p r o t e i n  c o n c e n t r a t i o n s  o f  obe se
m ice ,  d e t e r m i n e d  e i t h e r  by t h e  p r o c e d u r e  u s i n g  F o l i n - C i o c a l t e u  r e a g e n t  o r  
t h a t  u s i n g  Coomassie  b l u e  r e a g e n t ,  d i d  no t  d i f f e r  f rom t h o s e  o f  l e a n  mice 
( t a b l e  5 . 1 5 ) .  The h e p a t i c  DNA c o n c e n t r a t i o n s  o f  obese  mice  were 34% o f  
t h o s e  o f  l e a n  mice .
A n t i o x i d a n t  d e f e n c e  enzymes: C y t o s o l i c  GSH p e r o x i d a s e  and SOD
a c t i v i t i e s ,  and m i t o c h o n d r i a l  /y"§^utamy l  t r a n s p e p t i d a s e  a c t i v i t i e s  o f  
obese  mice  d id  no t  d i f f e r  s i g n i f i c a n t l y  from t h o s e  o f  l e a n  mice ( t a b l e s  
5 .1 6  and 5 . 1 7 ) .  M i t o c h o n d r i a l  GSH p e r o x i d a s e  and SOD a c t i v i t i e s  ( t a b l e  
5 . 1 6 ) ,  and c a t a l a s e  a c t i v i t i e s  ( t a b l e  5 . 1 7 )  o f  obese  mice  were l e s s  than  
t h o s e  o f  l e a n  c o n t r o l s .
L i p i d  P e r o x i d a t i o n :  The c o n c e n t r a t i o n  o f  T B A - re a c t i v e  m a t e r i a l  in
h e p a t i c  microsomes  from obese  mice  d i d  no t  d i f f e r  f rom t h a t  o f  l e a n  mice  
( t a b l e  5 . 1 8 ) .  BHT and DETAPAC c o n s i d e r a b l y  d e c r e a s e d  t h e  T B A - r e a c t i v i t y  
o f  h e p a t i c  mic rosomes ,  and t h e r e  were no d i f f e r e n c e s  b e tw een  l e a n  and 
obe se  mice  ( t a b l e  5 . 1 8 ) .
The chem i lum inescence  o f  i r o n / a s c o r b a t e - c h a l l e n g e d  m ic rosom es ,  f rom
TABLE 5.15 - Protein and DNA Concentrations of Livers of C57BL6 ob/ob
Mice
Lean C57BL6 mice s e r v e d  as  the  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  5 mice i n  each g roup .  
P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s in g  
BSA as t h e  s t a n d a r d .  P r o t e i n  d e t e r m i n a t i o n s  w i t h  Coomassie  
b l u e  r e a g e n t  a r e  shown i n  b r a c k e t s .
P r o t e i n  D N A
(mg/ g wet  wt)  (/ttg DNA e q u i v /  mg p r o t e i n )
Lean Obese Lean Obese
155 + 7  1 6 0 + 9  6 .2  + 0 . 6  2 . 2  + 0 . 2 a
(75 + 4 )  (79 + 5)
cl - * • • •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
t h e  c o r r e s p o n d i n g  v a l u e  i n  the  l e a n  mouse.
TABLE 5 .1 6  -  GSH P e r o x i d a s e  and S u p e r o x id e  D ism utase  A c t i v i t i e s  o f  
L i v e r s  o f  C57BL6 ob /ob  Mice 
Lean C57BL6 mice  s e r v e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean _+ SEM f o r  5 mice i n  each  g roup .  
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
GSH P e r o x i d a s e  S u p e ro x id e  Digmutase
(Enzyme u n i t s / m g  p r o t e i n )  ( u n i t s  [Sigma ]/mg p r o t e i n
a t  25 + 2 C, pH 7 .5 )
C y t o s o l i c  M i t o c h o n d r i a l  C y t o s o l i c  M i t o c h o n d r i a l
LEAN 1 1 8 + 1 1  1 6 + 2  2 4 + 2  4 . 7  + 0 . 3
OBESE 1 2 9 + 3  9 .7  + 0 . 4 a 2 0 + 1  1 .6  + 0 . 3 a
a S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
t h e  c o r r e s p o n d i n g  v a l u e  i n  t h e  l e a n  mouse.
TABLE 5.17 - Catalase and Mitochondrial ^"Glutamyl Transpeptidase
A c t i v i t i e s  i n  t h e  L i v e r s  o f  C57BL6 ob /ob  Mice 
Lean C57BL6 mice  s e rv e d  as  t h e  c o n t r o l s .
R e s u l t s  r e p r e s e n t  mean + SEM f o r  5 mice i n  each  g r oup .  
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
C a t a l a s e
JU
( k  / m i n /  mg p r o t e i n )
M i t o c h o n d r i a l  ^ “ Glu tam yl  
t r a n s p e p t i d a s e  
(nmol p - n i t r o a n i l i n e /  m in /  mg 
p r o t e i n  a t  37° C, pH 7 . 8 )
Lean Obese Lean Obese
2 . 4  + 0 . 2 1 . 0  +  0 . 1 ' 0 .27  + 0 .0 3  0 .2 5  + 0 .0 2
«  # Q
k i s  t h e  f i r s t  o r d e r  r e a c t i o n  r a t e  c o n s t a n t  a t  2 + 1 C, pH 7 . 4 .
Si • • m • •S i g n i f i c a n t l y  d i f f e r e n t  (P<0 .0 5)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
t h e  c o r r e s p o n d i n g  v a l u e  i n  the  l e a n  mouse.
obese  m ice ,  had a g r e a t e r  maximum and took  a s h o r t e r  t ime to  peak  than  
microsomes  from l e a n  mice ( t a b l e  5 . 1 9 ) .  T o t a l  c h e m i lu m in e s c e n c e ,  and the  
l i p i d  p e r o x i d a t i o n  r e a c t i o n  o f  h e p a t i c  m ic rosom es ,  m o n i t o r e d  by TBA- 
r e a c t i v e  m a t e r i a l  p r o d u c t i o n ,  were s i m i l a r  be tw een  t h e  two e x p e r i m e n t a l  
g roups  ( t a b l e s  5 .19  and 5 . 2 0 ) .
Comparison  o f  L i v e r  o f  Obese Mice w i t h  t h a t  o f  T u m o u r -b e a r in g  Mice
The e f f e c t s  o f  c o n g e n i t a l  o b e s i t y  upon a n t i o x i d a n t  d e f e n c e  enzymes 
and l i p i d  p e r o x i d a t i o n  i n  murine  l i v e r ,  have  been  compared w i t h  t h o s e  o f  
b e a r i n g  a Lewis lung  c a rc inom a  ( t a b l e  5 . 2 1 ) .  I n  common w i t h  tumour-  
b e a r i n g  mice ,  p r o t e i n  c o n c e n t r a t i o n  was unchanged ,  c a t a l a s e  and m i t o ­
c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  were d e c r e a s e d ,  and T B A - r e a c t i v e  
m a t e r i a l  c o n c e n t r a t i o n  and maximal c h e m i lum inescence  were i n c r e a s e d .  The 
i n c r e a s e d  DNA c o n c e n t r a t i o n ,  m i t o c h o n d r i a l  ' / - g l u t a m y l  t r a n s p e p t i d a s e  
a c t i v i t y ,  i n c r e a s e d  t o t a l  c h e m i lu m in e sc e n ce  and T B A - r e a c t i v e  m a t e r i a l  
p r o d u c t i o n  o f  p e r o x i d i z i n g  m ic rosom es ,  were o b s e rv e d  f o r  t h e  l i v e r s  o f
t u m o u r - b e a r i n g  mice b u t  no t  obe se  mice .  The l i v e r s  o f  obese  m ic e ,  b u t  n o t
t h o s e  o f  t u m o u r - b e a r i n g  m ice ,  d i s p l a y e d  d e c r e a s e d  m i t o c h o n d r i a l  SOD 
a c t i v i t y ,  and a s h o r t e n e d  i n d u c t i o n  t ime f o r  i r o n / a s c o r b a t e - m e d i a t e d  
ch e m i lu m in e s c e n ce .
DISCUSSION
The Immune S t a t u s  o f  Lewis  Lung ca rc inom a
The d e fe n c e  o f  t h e  h o s t  a g a i n s t  n e o p l a s i a  i s  m e d i a t e d  by
T - l y m p h o c y t e s , m ac rophages ,  and n a t u r a l  k i l l e r  c e l l s  (Young and H oover ,  
1986) .  Some types  o f  lymphoid c e l l ,  p roduced  by t u m o u r - b e a r i n g  a n i m a l s ,  
a r e  t o x i c  bo th  to normal  and n e o p l a s t i c  t i s s u e s  (Del M a e s t ro  e t  a l , 1980;  
Ols'son e t  a l , 1981) .  The unchanged  s p l e e n  w e i g h t s  and th e  a b s e n c e  o f  a 
l e u k o c y t e - d e p e n d e n t  i n f l a m m a to r y  r e a c t i o n ,  as  e v id e n c e d  by l a c k  o f
TABLE 5 .1 8  -  Microsomal  T h i o b a r b i t u r i c  A c i d - r e a c t i v e  M a t e r i a l  
C o n c e n t r a t i o n s  o f  t h e  L i v e r s  o f  C57BL6 ob /ob  Mice 
L i v e r s  f rom l e a n  C57BL6 mice  s e r v e d  as  t h e  c o n t r o l s .  
R e s u l t s  r e p r e s e n t  mean +_ SEM f o r  5 mice i n  each  g roup .  
P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as  t h e  s t a n d a r d .
LEAN OBESE
(nmol m a l o n d ia l d e h y d e  e q u i v /  
mg p r o t e i n )
15 min i n  0 .1  M p h t h a l a t e  b u f f e r  3 . 8  +_ 0 . 5  3 . 3  4^  0 . 1
(pH 3 . 5 )  a t  100° C.
15 min i n  0 .1  M p h t h a l a t e  b u f f e r  1 .8  _+ 0 . 2  1 .5  _+'0.1
(pH 3 . 5 )  a t  100° C 
+ 0.01% w/v BHT 
+ 0 . 1  mM DETAPAC
30 min i n  0 .0 5  M H-SO, a t  6 . 4  + 0 . 7  7 . 4  + 0 . 4
100° c. -  2 4
2 . 1  + 0 . 1  2 . 0  + 0 . 1
+ . 0 . 1  mM DETAPAC.
30 min i n  0 .05  M HoS0, a t  
100° C -  2 4
+ 0.01% w/v BHT
C o n d i t i o n s  o f  i n c u b a t i o n  
to  p roduce  T B A -re a c t iv e  
m a t e r i a l  chromaphore
No significant differences (P>0.05) by unpaired Student's t-test
between corresponding values of lean and obese mice.
TABLE 5.19 -!Ascorbate/FeCl^-induced Chemiluminescence by Hepatic
Microsomes from C57BL6 ob /ob  Mice.
H e p a t i c  microsomes  from C57B16 l e a n  mice were used  as  the  
c o n t r o l s .  T o t a l  c he m i lum ine sc e nce  i s  r e p r e s e n t e d  as  t h e  
mean s u r f a c e  a r e a  e n c l o s e d  by g r a p h s  o f  c h e m i lu m in e s c e n ce  
p l o t t e d  a g a i n s t  t im e .  R e s u l t s  r e p r e s e n t  mean (+ SEM where 
a p p r o p r i a t e )  f o r  5 mice i n  each g roup .  Microsomes were 
r e f r i g e r a t e d  o v e r n i g h t  a t  4°  C p r i o r  to  a n a l y s i s .
P r o t e i n  was d e t e r m i n e d  w i th  F o l i n - C i o c a l t e u  r e a g e n t ,  u s i n g  
BSA as t h e  s t a n d a r d .
T o t a l  Chemilumin-  Peak Chemilumin-  Time to  Peak
e s c e n c e  e s c e n c e  Chem iluminescence
(% o f  c o r r e s p o n d i n g  (cpm x 10 /  mg (min)
h e p a t i c  v a l u e  i n  p r o t e i n  a t  37 C
th e  l e a n  mouse)  pH 7 . 4 )
LEAN 100 531 + 39 20 + 7
OBESE 95 729 + 46 a 12 + 2 a
SL • • • • •S i g n i f i c a n t l y  d i f f e r e n t  (P< 0 .05)  by u n p a i r e d  S t u d e n t ' s  t - t e s t  f rom 
t h e  c o r r e s p o n d i n g  v a lu e  in  the  l e a n  mouse.
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TABLE 5 .2 0  - A s c o r b a t e / F e C l ^ - i n d u c e d  T h i o b a r b i t u r i c  A c i d - R e a c t i v e
M a t e r i a l  P r o d u c t i o n  by H e p a t i c  Microsomes from C57BL6 
o b /ob  Mice.
H e p a t i c  microsomes from C57BL6 l e a n  mice  were used  as  t h e  
c o n t r o l s .  R e s u l t s  r e p r e s e n t  mean + SEM f o r  5 mice  i n  each  
g r oup .  Microsomes were r e f r i g e r a t e d  o v e r n i g h t  a t  4 C 
p r i o r  t o  a n a l y s i s .  P r o t e i n  was d e t e r m i n e d  w i t h  F o l i n -  
C i o c a l t e u  r e a g e n t ,  u s i n g  BSA as  t h e  s t a n d a r d .
Peak  T B A - re a c t iv e  Time to  Peak
M a t e r i a l  P r o d u c t i o n  T B A - r e a c t i v e
(nmol m a lo n d ia l d e h y d e  M a t e r i a l  P r o d u c t i o n
e q u i v /  mg p r o t e i n  (min)
a t  37° C, pH 7 .4 )
LEAN 45 + 4 39 + 6
OBESE 4 7 + 3  3 6 + 6
No significant differences (P>0.05) by unpaired Student's t-test
between the corresponding values of lean and obese mice.
TABLE 5 .2 1  -  A Comparison o f  t h e  E f f e c t  o f  C o n g e n i t a l  O b e s i t y  With t h e  
E f f e c t  o f  B e a r in g  a Lewis Lung Carc inoma,  upon t h e  L i v e r s  
o f  C57BL6 Mice ( a s  m a i n ly  d e t e r m i n e d  by t h e  s t u d i e s  o f  
c h a p t e r s  3 - 5 )
A l l  v a l u e s  a r e  s p e c i f i c  a c t i v i t i e s  o r  c o n c e n t r a t i o n s .
PARAMETER SUBCELLULAR
FRACTION
OBESE MOUSE TUMOUR-BEARING
MOUSE
P r o t e i n whole t i s s u e NS NS
DNA whole t i s s u e 34% o f  l e a n  
c o n t r o l
150% o f  tumour- 
f r e e  c o n t r o l
GSH p e r o x i d a s e  c y t o s o l
m i t o c h o n d r i a
NS
33% o f  l e a n  
c o n t r o l
NS
66% o f  tumour- 
f r e e  c o n t r o l
Sup e ro x id e
d i s m u t a s e
c y t o s o l NS NS
m i t o c h o n d r i a 33% o f  l e a n  
c o n t r o l
NS
C a t a l a s e whole t i s s u e 43% o f  l e a n  
c o n t r o l
60% o f  tumour-  
f r e e  c o n t r o l
' / “Glu tamyl  
t r a n s p e p t i d a s e
m i t o c h o n d r i a NS 140% o f  tumour- 
f r e e  c o n t r o l
T B A - re a c t iv e
m a t e r i a l
whole t i s s u e
microsomes
S i g n i f i c a n t l y  S i g n i f i c a n t l y
i n c r e a s e d  
NS
i n c r e a s e d  
NS
A s c o r b a t e / F e C l o -  mic rosomes 
induced  p r o d u c t i o n  
o f  T B A - re a c t iv e  
m a t e r i a l
NS 180% o f  tumour- 
f r e e  c o n t r o l
microsomes  Max CL i n c r e a s e d  Max CL i n c r e a s e d
by 37%. Time to  by 50%. Time to  
max CL d e c r e a s e d  max CL n o t  s i g -  
by 42%. No s i g -  n i f i c a n t l y  d i f f -  
n i f i c a n t  d i f f e r -  e r e n t .  T o t a l  CL 
ence  i n  t o t a l  CL. i n c r e a s e d  by 
50%.
« J U
See Capel  and D o r r e l l  (1984 ) .
A s c o r b a t e / F e C l ^ -
induced  chemilum­
i n e s c e n c e  (CL)
NS -  No s i g n i f i c a n t  d i f f e r e n c e s  f rom l e a n  c o n t r o l  o r  t u m o u r - f r e e  mouse.
R
Luminol  - m e d i a t e d  ch e m i lu m in e s c e n ce  a t  t h e  s i t e  o f  i n o c u l a t i o n  w i th  
tumour c e l l s ,  i n d i c a t e d  t h a t  Lewis lung c a rc inom as  e l i c i t e d  l i t t l e ,  i f  
any,  c e l l - m e d i a t e d  immune r e s p o n s e  i n  the  h o s t  m ic e ,  w i t h i n  3 days o f  
tumour i m p l a n t a t i o n .  S t u d i e s  e l s e w h e r e  a l s o  s u p p o r t  t h i s  c o n c l u s i o n  
( S t e e l  and Adams, 1975;  Gundersen  e t  a l , 1981; O l s s o n  e t  a l , 1981) .  The 
c y t o t o x i c i t y  o f  h o s t  lymphocytes  towards  tumour c e l l s  h a s ,  however ,  been  
r e p o r t e d  to  be enhanced in  mice f o l l o w i n g  the  f i r s t  few days  a f t e r
i m p l a n t a t i o n  o f  Lewis lung  c a rc inom as  (Young and Hoover ,  1986) .
N a t u r a l  k i l l e r  c e l l s  a r e  c e l l s ,  o t h e r  than  p o l y m o r p h o n u c le a r  l e u k o ­
c y t e s  and m acrophages ,  produced  i n  r e s p o n s e  to  n e o p l a s i a  o r  v i r a l  
i n f e c t i o n s ;  t h e y  a r e  c y t o t o x i c  w i t h o u t  p r i o r  s e n s i t i z a t i o n  ( p r o d u c t i o n  o f  
a n t i b o d i e s )  t o  a n t i g e n s  (Woodruf f ,  1986) .  N a t u r a l  k i l l e r  c e l l  a c t i v i t y  i s  
induced  by lym phok ines ,  such as i n t e r f e r o n  and i n t e r l e u k i n  2 (Woodruff ,  
1986) .  I t  ha s  been  r e p o r t e d  t h a t  n a t u r a l  k i l l e r  c e l l  a c t i v i t y  i n  s p l e e n  
c e l l s  i n c r e a s e s  a f t e r  i n t r a - f o o t p a d  i n o c u l a t i o n  o f  Lewis  lung  ca rc inom a  
c e l l s  i n t o  m ic e ,  r e a c h i n g  a p l a t e a u  l e v e l  a t  3 days p o s t - i m p l a n t a t i o n  
(Shoham and K l e i n ,  1984) .  The l i m i t e d  h o s t  r e s p o n s e ,  s h o r t l y  a f t e r  
t r a n s p l a n t a t i o n  o f  Lewis lung  c a rc in o m a s ,  may w e l l  be p r i m a r i l y  m e d i a t e d  
by n a t u r a l  k i l l e r  c e l l s .
Lewis lung  ca rc inom a s  can be t r a n s p l a n t e d  i n t o  a l l o g e n i c  mice ,  
a l t h o u g h  m e t a s t a t i c  d e p o s i t s  a r e  no t  formed i n  t h e s e  a n im a ls  ( I s a k o v  e t  
a l , 1983) .  The ca rc inom a  might  thus  have  the  a b i l i t y  to  s u p p r e s s  the
immune sys tem s  o f  t h e  h o s t .  I t  has  been  r e p o r t e d  t h a t  Lewis  lung  
c a rc in o m a s  p roduce  a c a r b o x y l i c  a c i d - l i k e  s u b s t a n c e ,  p o s s i b l y  p r o s t a ­
g l a n d i n  E2 , t h a t  i n h i b i t s  m ac rophage -m ed ia ted  r e s i s t a n c e  to  t h e  tumour 
(Young e t  a l , 1982) .  The s u p p r e s s i o n  o f  t h e  hos t- imm une  r e s p o n s e  i s  
p o s s i b l y  governed  by T - ly m p h o c y te s , found i n  t h e  s p l e e n s  o f  m ic e ,  b e a r i n g  
Lewis lung  c a r c in o m a s ,  a s  thymectomy i n h i b i t s  t h e  t u m o u r ' s  g rowth  (Malave 
e t  a l , 1979;  O l s s o n  e t  a l , 1981; Young e t  a l , 1986) .  The c a rc in o m a  may
w e l l  promote  i t s  own g rowth  by e l a b o r a t i n g  f a c t o r s  i n t o  t h e  v a s c u l a t u r e  
o r  l y m p h a t i c s  o f  t h e  h o s t  to  m odu la te  c e l l - m e d i a t e d  immunity .  These 
h y p o t h e t i c a l  s u b s t a n c e s  were p o s s i b l y  no t  s p e c i f i c  to  lymphoid c e l l s ;  
a f f e c t i n g  o t h e r  t i s s u e s  o f  t u m o u r -b e a r i n g  m ic e ,  such  as  b lo o d  and l i v e r  
( C h a p te r  6 ) .
As th e  Lewis lung  ca rc inom a  can e s t a b l i s h  i t s e l f  a c r o s s  a l l o g e n i c  
b a r r i e r s  ( I s a k o v  e t  a l , 1983) ,  i t s  means to  overcome t h e  immune sy s te m  o f  
the  h o s t  must  be a p p r e c i a b l e ,  p a r t i c u l a r l y  s h o r t l y  a f t e r  t r a n s p l a n t a t i o n  
when th e  number o f  n e o p l a s t i c  c e l l s  would be c o m p a r a t i v e l y  low. A m ajo r  
s y s t e m ic  e f f e c t ,  o b s e r v e d  f o r  mice  w i t h i n  3 days o f  i n o c u l a t i o n  w i th  
tumour c e l l s ,  common to  mice t h a t  had b o r n e  tumours  f o r  14 d a y s ,  was 
i n c r e a s e d  e r y t h r o c y t e  SOD a c t i v i t y .  E r y t h r o c y t e  SOD may ha v e  b e e n  more 
s e n s i t i v e  to  t u m o u r - a s s o c i a t e d  s u b s t a n c e s  t h a n  o t h e r  t i s s u e  enzymes ,  such 
as  h e p a t i c  c a t a l a s e ,  which on ly  changed when th e  tumour had a t t a i n e d  a 
r e l a t i v e l y  l a r g e  s i z e .  The a b n o r m a l i t i e s ,  t h a t  were n o t  o b s e r v e d  u n t i l  
t h e  Lewis lung c a rc in o m a s  were of  c o m p a r a t i v e l y  advanced  s i z e ,  migh t  
a l t e r n a t i v e l y  have been  s e c o n d a r y  to  o t h e r  b i o c h e m i c a l  c h a n g e s ,  no t  
d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s .
I n c r e a s e d  E r y t h r o c y t e  SOD A c t i v i t y  and I n t e r f e r o n
I n c r e a s e d  e r y t h r o c y t e  SOD ( e r y t h r o c u p r e i n )  a c t i v i t y  h a s  been  
a s s o c i a t e d  w i t h  s e v e r a l  human d e g e n e r a t i v e  d i s e a s e s ,  such  as  Duchenne 
m u s c u l a r  d i s t r o p h y  ( B u r r i  e t  a l , 1980) ,  t h a l a s s a e m i a  ( G e r l i  e t  a l , 1980) ,  
d i a b e t e s  (M iche lson  e t  a l , 1977) ,  and some ty p e s  o f  human c a n c e r s  
(G onza le s  e t  a l , 1984 ) .  SOD a c t i v i t y  does n o t  v a r y  w i t h  t h e  age  o f  
e r y t h r o c y t e s  (M ic he lson  e t  a l , 1977;  V a n e l l a  e t  a l , 1 9 8 2 ) ,  i n d i c a t i n g  
t h a t  the  r a i s e d  a c t i v i t y  i n  t u m o u r - b e a r i n g  mice was n o t  c a u s e d  by a 
change  i n  t h e  d i s t r i b u t i o n  o f  t h e  r ed  c e l l  p o p u l a t i o n .  D i s t u r b a n c e s  o f  
r ed  c e l l  SOD p r o b a b l y  i n d i c a t e  p a t h o l o g i c a l  change ,  p o s s i b l y  due to  
e x c e s s i v e  oxygen r a d i c a l  p r o d u c t i o n ,  and th u s  t h i s  enzyme m ig h t  be a
s e n s i t i v e  m arx e r  r o r  some d i s e a s e s ,  a s  cne e r y c n r o c y t e  ouu a c t i v i t i e s  o t  
m ice ,  b e a r i n g  B16 melanomas ,  d id  no t  d i f f e r  f rom t h o s e  o f  t h e  c o n t r o l s  
( C h a p te r  3 ) ,  i n c r e a s e d  e r y t h r o c u p r e i n  a c t i v i t y  p r o b a b l y  i s  no t  a  g e n e r a l  
i n d i c a t o r  o f  m ur ine  n e o p l a s t i c  d i s e a s e .
Com para t ive  s t u d i e s  o f  e r y t h r o c y t e  a n t i o x i d a n t  d e f e n c e  enzymes have 
shown t h a t  SOD a c t i v i t y  v a r i e s  r e l a t i v e l y  l i t t l e  among d i f f e r e n t  s p e c i e s  
(Mara l  e t  a l , 1977) .  SOD migh t  t h e r e f o r e  have  a more p r i m a r y  r o l e  in  
p r o t e c t i n g  e r y t h r o c y t e s  f rom u n c o n t r o l l e d  a u t o x i d a t i o n  than  f o r  example,  
c a t a l a s e  and GSH p e r o x i d a s e .  The r a i s e d  e r y t h r o c y t e  SOD a c t i v i t i e s  o f  
Lewis lung  c a r c i n o m a - b e a r i n g  mice i n d i c a t e d  t h a t  ’ O2 was g e n e r a t e d ,  i n  
p a t h o l o g i c a l  e x c e s s ,  i n  t h e  b lood  s t r e a m s  o f  t h e s e  a n i m a l s .  The s u r v i v a l  
t im es  o f  t u m o u r - b e a r i n g  a n im a ls  have  been  o b s e rv e d  to  be p r o lo n g e d  by the  
i n t r a v e n o u s  i n j e c t i o n  o f  SOD, s u g g e s t i n g  t h a t  t h e r e  may have  be e n  e x c e s s  
e x t r a c e l l u l a r  *0^ ( M ic he lson  e t  a l , 1977; O b e r le y  e t  a l , 1982) .  The 
*0^ r a d i c a l s  were u n l i k e l y  to  have  been  p roduced  by a c t i v a t e d  g r a n u l o ­
c y t e s  o r  p h a g o c y te s  as  t h e r e  was no e v id e n c e  o f  any l o c a l  i n f l a m m a t o r y  
r e a c t i o n .  The gene ,  c o d in g  f o r  s e n s i t i v i t y  to  i n t e r f e r o n ,  a m e d i a t o r  o f  
a n t i v i r a l  d e f e n c e ,  and t h a t  f o r  s y n t h e s i s  o f  Cu/Zn SOD, have  been  
r e p o r t e d  to  be  a s s i g n e d  to  the  same chromosomal segment  (Cox e t  a l , 1980; 
Lin e t  a l ; P o t t a t h i l  e t  a l , 1981) .  I n  t h e  p r e s e n t  s t u d i e s ,  even  the  
i n j e c t i o n  o f  n o n - v i a b l e  c e l l s  caused  i n c r e a s e d  r ed  c e l l  SOD a c t i v i t y ,  
i n d i c a t i n g  t h a t  t h i s  was the  on ly  s y s t e m ic  e f f e c t ,  d e t e r m i n e d  f o r  Lewis 
lung  c a r c i n o m a - b e a r i n g  m ice ,  t h a t  may have  a s i g n i f i c a n t  component f rom 
t h e  immune r e s p o n s e  o f  t h e  h o s t .  Lewis lung  tumour c e l l s  c o u ld  p o s s i b l y  
have  caused  i n c r e a s e d  p r o d u c t i o n  o f  e r y t h r o c y t e  SOD, i n  a s s o c i a t i o n  w i t h  
a c t i v a t i n g  t h e  s y n t h e s i s  o f  i n t e r f e r o n .  M acrophages ,  a c t i v a t e d  by 
i n t e r f e r o n  (som etimes  r e f e r r e d  to  as  m a c r o p h a g e - s t i m u l a t i n g  f a c t o r )  
p roduce  ^ 2^2 ^  an enzymic r e a c t i o n ,  r e p o r t e d  to  be a lm o s t  e n t i r e l y  
m e d ia te d  by Mn-SOD (Freund  and P i c k  1986) .  S e n s i t i v i t y  to  i n t e r f e r o n  may 
w e l l  be c o u p le d  to  t h e  b i o s y n t h e s i s  o f  SOD i n  c e l l s  o t h e r  t h a n  e r y t h r o ­
c y t e s .
Murine  serum has  been  r e p o r t e d  to  c o n t a i n  a f a c t o r ,  p o s s i b l y  
i n t e r f e r o n ,  which i n h i b i t s  t h e  growth  o f  Lewis lung  c a rc inom a  (Gundersen  
e t  a l , 1981) .  I n t e r f e r o n ,  s y n t h e s i s e d  i n  r e s p o n s e  to  i n o c u l a t i o n  w i t h  
Lewis lung  ca rc inom a  c e l l s  might  have  had a l i m i t e d  e f f e c t  i n  p r e v e n t i n g  
the  growth  o f  t h e  tumour,  b u t  p o s s i b l y  c o n t r i b u t e d  to  t h e  p e r t u r b a t i o n s  
o f  n o n - n e o p l a s t i c  t i s s u e s  ( s e e  C h a p te r  6 ) .
Pulmonary L i p i d  P e r o x i d a t i o n
The i n c r e a s e d  i r o n / a s c o r b a t e - m e d i a t e d  c h e m i lu m in e s c e n ce  and TBA- 
r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n  o f  pulmonary  microsomes from m ic e ,  k i l l e d
1-3 days a f t e r  i n o c u l a t i o n  w i t h  v i a b l e  tumour c e l l s ,  i n d i c a t e d  t h a t  a t  
l e a s t  one type  o f  lung  c e l l  was s e n s i t i v e  to  t h e  p r e s e n c e  o f  Lewis  lung  
c e l l s .  D ur ing  the  i n t r a m u s c u l a r  i n j e c t i o n  o f  Lewis lung c a rc in o m a  c e l l s  
i n t o  m ic e ,  tumour c e l l s  may have  e n t e r e d  b lood  v e s s e l s ,  damaged by th e  
s y r i n g e  n e e d l e .  The b l o o d - b o r n e  tumour c e l l s  m igh t  have  b e e n  a r r e s t e d  i n  
the  c a p i l l a r y  bed o f  the  l u n g s ,  where they  e l i c i t e d  t h e  c hanges  in  
pulmonary l i p i d  p e r o x i d a t i o n .
The e a r l y  a l t e r a t i o n s  i n  lung  p e r o x i d a t i o n  were p r o b a b l y  n o t  due to  
tumour c e l l s  p e r  s e , b e c a u s e  t h e  c h e m i lu m in e sc e n ce  o f  p e r o x i d i z i n g  tumour 
microsomes  was l e s s  t h a n  t h a t  o f  c o n t r o l  l u ng ,  and changes  i n  pu lmonary  
p e r o x i d a t i o n  were l e s s  pronounced  a t  14 days p o s t  i m p l a n t a t i o n ,  when 
m e t a s t a t i c  f o c i  would have  been  e s t a b l i s h e d ,  t h a n  a t  1-3 d a y s .  M e t a s t a t i c  
tumour c e l l s  m ig h t ,  however ,  have  c o n t r i b u t e d  to  t h e  l e s s  a b e r r a n t  TBA- 
r e a c t i v e  m a t e r i a l  and c h e m i lu m in e s c e n ce  v a l u e s ,  o b s e rv e d  f o r  m ice  t h a t  
had b o r n e  Lewis lung  ca rc in o m a s  f o r  14 d a y s .
H i s t o l o g i c a l  e x a m i n a t i o n s  o f  t h e  lungs  o f  m ic e ,  h a v e  shown 
s u b s t a n t i a l  e n d a r t e r i t i s  o b l i t e r a n s  by 1 day ,  and i n f i l t r a t i o n  by 
lymphoid and plasma c e l l s  a t  3 days onward,  a f t e r  t r a n s p l a n t a t i o n  o f
Lewis lung carcinomas (.Saisoury et al, iy/4;. m e  increasea t b a-
r e a c t i v i t y  and i r o n / a s c o r b a t e - i n d u c e d  c h e m i lu m in e s c e n c e  o f  pulmonary 
mic rosomes may t h u s  have  r e s u l t e d  from an immune r e a c t i o n  i n  r e s p o n s e  to  
t h e  p r e s e n c e  o f  n e o p l a s t i c  c e l l s  i n  t h e  l u n g s .  The lu ngs  o f  m ic e ,  b e a r i n g  
Lewis lung  c a r c in o m a s ,  p o s s i b l y  had a  more a p p a r e n t  immune r e a c t i o n  than  
t h a t  e v id e n c e d  by t h e  s p l e e n ,  o r  c h e m i lu m in e s c e n ce  i n  t h e  m usc le  i n t o  
which c e l l s  were i n j e c t e d .
S ys tem ic  Changes i n  Mice Tha t  had Borne Lewis Lung Carc inom as  f o r  14 Days
The changes  i n  h e p a t i c  DNA c o n c e n t r a t i o n  and i n  enzyme a c t i v i t y  o f  
b l o o d  and l i v e r ,  s e e n  i n  mice t h a t  had bo rne  Lewis lung  c a rc in o m a s  f o r  14
d a y s ,  r e a f f i r m  p r e v i o u s  o b s e r v a t i o n s  ( C h a p te r  3 ) ,  and d e m o n s t r a t e  t h a t
t h e s e  e a r l i e r  r e s u l t s  were r e p r o d u c i b l e .  The p r e s e n t  i n v e s t i g a t i o n s
s u p p o r t e d  t h e  s t u d i e s  o f  c h a p t e r  4 ,  which i n d i c a t e d  t h a t  h e p a t i c  r a i c ro -  
soraes, f rom mice b e a r i n g  c a rc inom as  o f  a p p r e c i a b l e  s i z e ,  were more 
s u s c e p t i b l e  to  i r o n / a s c o r b a t e - m e d i a t e d  p e r o x i d a t i o n .  I t  i s  a l s o  now 
a p p a r e n t  t h a t  Lewis lung  c a rc in o m a s ,  d e r i v e d  d i r e c t l y  f rom c e l l s  
m a i n t a i n e d  in  t i s s u e  c u l t u r e ,  caused the  same s y s t e m i c  a b n o r m a l i t i e s  as
tumours ,  t r a n s p l a n t e d  by i n  v i v o  p a s s a g e .
Lewis lung  c a r c in o m a s ,  o f  pronounced s i z e ,  m igh t  have  a c c r u e d
e s s e n t i a l  n u t r i e n t s  o r  t r a c e  e l e m en t s  a t  t h e  e xpe nse  o f  t h e  non­
n e o p l a s t i c  t i s s u e s ,  t h e r e b y  c a u s i n g  h a r m f u l  e f f e c t s  to  t u m o u r - b e a r i n g
m ice .  I n  e x p e r i m e n t s  e l s e w h e r e ,  r a t s  were i m p l a n t e d  w i t h  an i n e r t  
a r t i f i c i a l  tumour ,  i n f l a t e d  w i t h  s a l i n e  to  s i m u l a t e  t h e  g row th  o f  a 
neop la sm  (M o r r i s o n  e t  a l , 1984) .  The a r t i f i c i a l  tumour mimicked  much o f  
t h e  e f f e c t  t h a t  a n e o p l a s t i c  tumour e x e r t s  upon t h e  e n e rg y  e x p e n d i t u r e  o f  
the  h o s t  a n im a l .  The s t r e s s  o f  tumour bu rdon  m igh t  t h e r e f o r e  c o n t r i b u t e  
s u b s t a n t i a l l y  to  t h e  s y s t e m ic  e f f e c t s  o f  a n im a l  tumour m o d e l s ,  and o f  
human c a n c e r  ( C h a p t e r s  3 and 6 ) .  I t  m igh t  t h u s  be a p p r o p r i a t e  t o  i m p l a n t
a s i m i l a r  a r t i f i c i a l  tumour i n t o  C57BL6 m ic e ,  and d e t e r m i n e  w h e t h e r  any 
o f  t h e  a b n o r m a l i t i e s  o f  normal  t i s s u e s  i n  Lewis lung  c a r c i n o m a - b e a r i n g  
mice  were a t t r i b u t a b l e  to  the  encumbrance o f  t h e  tumour.
The immune r e s p o n s e  o f  mice  may w e l l  have be e n  l a r g e l y  r e p r e s s e d  
d u r i n g  th e  f i r s t  few days  a f t e r  tumour i m p l a n t a t i o n .  The e n l a r g e d  s p l e e n s  
o f  m ic e ,  t h a t  had b o r n e  Lewis lung  c a rc inom as  f o r  14 d a y s ,  however ,  
s u g g e s t s  t h a t  a s i g n i f i c a n t  h o s t  immune r e s p o n s e  m igh t  have  b e e n  e l i c i t e d  
i n  t h e s e  a n i m a l s .  As t h e  m ajo r  p e r t u r b a t i o n s  o f  h o s t  t i s s u e  a n t i o x i d a n t  
d e f e n c e  and l i p i d  p e r o x i d a t i o n  seemed to  be p r e s e n t  o n l y  when tumour 
growth  was r e l a t i v e l y  advanced ,  t h e  immune r e s p o n s e  o f  t h e  h o s t  mice  was 
p o s s i b l y  a s i g n i f i c a n t  c a u s a t i v e  f a c t o r .
S t u d i e s  o f  Obese Mice
The p r e s e n t  s t u d i e s  showed t h a t  the  on ly  a b n o r m a l i t i e s  o f  h e p a t i c  
m e ta b o l i s m ,  common to  obese  mice and to  mice ,  b e a r i n g  Lewis  lung  
c a rc in o m a s ,  were d e c r e a s e d  c a t a l a s e  and m i t o c h o n d r i a l  GSH p e r o x i d a s e  
a c t i v i t i e s ,  and i n c r e a s e d  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  ( t a b l e  
5 . 2 1 ) .  The l i v e r s  o f  obese  mice weighed more than  t w i c e  t h o s e  o f  l e a n  
a n i m a l s ,  and the  DNA c o n c e n t r a t i o n  o f  t h e i r  l i v e r s  was o n l y  a t h i r d  o f  
t h a t  o f  l e a n  a n i m a l s ;  t h i s  i n d i c a t e d  t h a t  t h e  t o t a l  number o f  h e p a t o c y t e s  
i n  l i v e r s  f rom obese  mice d id  n o t  exceed t h a t  o f  normal  l i v e r .  The 
b i o c h e m i c a l  d i s t u r b a n c e s  o f  the  l i v e r s  o f  t h e  obese  m ic e ,  u n l i k e  t h a t  o f  
tu m o u r - b e a r i n g  m ice ,  p r o b a b l y  d i d  no t  i n v o l v e  an i n c r e a s e  i n  c e l l  
d i v i s i o n .
The p r o t e i n  c o n c e n t r a t i o n s  and m i t o c h o n d r i a l  y i e l d s  o f  t h e  l i v e r s  o f  
obe se  mice were t h e  same as t h o s e  o f  l e a n  a n i m a l s .  The g e n e r a l  l e v e l  o f  
e n z y m i c a l l y - m e d i a t e d  m e ta b o l i s m ,  p a r t i c u l a r l y  t h a t  o f  m i t o c h o n d r i a ,  was 
t hus  m a i n t a i n e d ,  p o s s i b l y  in  p r o p o r t i o n  to  the  s i z e  o f  t h e  l i v e r .  Obese
mice  have  been  r e p o r t e d  to  nave d e c r e a s e d  c o n c e n c r a c i o n s  o r  ne p a c i c  
e nd o p la s m ic  r e t i c u l u m ,  s u p p o r t i n g  t h e  p r e s e n t  o b s e r v a t i o n  o f  a r e l a t i v e l y  
low m ic ro som al  y i e l d  (Rouer  and Le roux ,  1980) .  The c o n c e n t r a t i o n  of  
membranous enzymes i n  t h e  l i v e r s  o f  obese  m ice ,  h a s  been  r e p o r t e d  to  be
2-  t o  3 - f o l d  l e s s  t han  t h a t  o f  l e a n  mice ;  t h e  amount o f  t h e s e  enzymes p e r  
l i v e r  d i d  n o t  d i f f e r  be tween  l e a n  and obe se  m ic e ,  a s  t h e  obese  mouse has  
a much l a r g e r  l i v e r  (Murphy e t  a l , 1 9 79 ) .  Th i s  i n d i c a t e s  t h a t  the  
q u a n t i t y  o f  m ic rosom al  components  p e r  l i v e r  o f  o b e s e  mice was p ro b a b l y  
s i m i l a r  to  t h a t  o f  normal  mice .
U n c o n t r o l l e d  a u t o x i d a t i o n ,  due to  d e f i c i e n c y  o f  c a t a l a s e  and m i t o ­
c h o n d r i a l  GSH p e r o x i d a s e ,  might  have been  a common mechanism f o r  c a u s i n g
th e  m e t a b o l i c  p e r t u r b a t i o n s  o f  l i v e r s  f rom obese  o r  Lewis  lung 
c a r c i n o m a - b e a r i n g  m ice .  The a b n o r m a l i t i e s  o f  the  g e n e t i c a l l y - o b e s e  mouse 
have  been  a t t r i b u t e d  to  a l a c k  o f  t h y r o i d  h o r m o n e - i n d u c i b l e  (Na+ , K+ 
d e p e n d en t ) -A T P a s e  (York e t  a l , 1978) .  The Na+ , K+ pump a c t i v i t y  o f  the  
plasma membrane has  been  r e p o r t e d  to be i n a c t i v a t e d  by l i p i d  p e r o x i d a t i o n
4 . 4 -
(T ru s h  e t  a l , 1982) .  The d e c r e a s e d  Na , K pump a c t i v i t y  and o t h e r  
m a n i f e s t a t i o n s  of  o b e s i t y ,  such as i m p a i r e d  d rug  m e t a b o l i s m  and 
c i r r h o s i s ,  have  been  p o s t u l a t e d  to  be c a use d  by e x c e s s i v e  h e p a t i c  l i p i d  
p e r o x i d a t i o n  (Cape l  and D o r r e l l ,  1984) .
The p r e s e n t  s t u d i e s  i n d i c a t e  t h a t  t h e  c o n c e n t r a t i o n  o f  m a lon-  
d i a l d e h y d e - l i k e  m a t e r i a l  and th e  s u s c e p t i b i l i t y  to  non-enzymic  l i p i d  
p e r o x i d a t i o n  o f  h e p a t i c  microsomes  from o b e s e  mice  were p r o b a b l y  no t  
s u f f i c i e n t l y  d i f f e r e n t  from t h a t  o f  l e a n  mice to  be c o n s i d e r e d
b i o l o g i c a l l y  s i g n i f i c a n t .  The ch e m i lu m in e s c e n ce  r e s p o n s e  ( f i g u r e  5 . 3 )  
i n f e r r e d  t h a t  t h e  l i p i d  c o m p o s i t i o n  o f  l i v e r  microsomes  from o b e s e  mice 
d i d  n o t  d i f f e r  s u b s t a n t i a l l y  f rom t h a t  o f  normal  m ice .  I t  h a s  been
r e p o r t e d  t h a t  h e p a t i c  T B A - r e a c t i v i t y  o f  o b e s e  mice  i s  g r e a t e r  t h a n  t h a t  
o f  l e a n  mice (Cape l  and D o r r e l l ,  1984) .  I n  t h e s e  s t u d i e s ,  how ever ,  t h e
assay procedure used did not include any antioxidants. Liver homogenates, 
from obese mice, were observed in the present studies to contain 
conspicious amounts of lipid. The increased TBA-reactive material 
concentration of hepatic tissue was probably an experimental artefact, 
reflecting a comparatively large lipid peroxidation reaction during the 
TBA-test itself, due to a pronounced PUFA concentration.
The microsomal concentration of cytochrome P450 of obese mice has 
been reported to be slightly greater than that of lean mice (Rouer and 
Leroux, 1980) .  The relatively increased NADPH-dependent microsomal lipid 
peroxidation reaction, reported for the livers of obese mice (Capel and 
Dorrell, 1984) ,  might have reflected increased NADPH-dependent 
flavoprotein cytochrome P450 reductase.
The h e p a t i c  c a t a l a s e  a c t i v i t i e s  o f  g e n e t i c a l l y  o b e s e  mice  have  been 
r e p o r t e d  e l s e w h e r e  n o t  to  d i f f e r  f rom t h o s e  o f  l e a n  mice  (Murphy e t  a l , 
1979) .  I n  t h e  p r e s e n t  s t u d i e s ,  l i v e r  t i s s u e  was f r o z e n  a t  - 2 0 °  C p r i o r  to  
the  d e t e r m i n a t i o n  o f  c a t a l a s e  a c t i v i t y .  The c a t a l a s e  o f  l i v e r  homogenate  
from obe se  mice  m igh t  have been  l e s s  s t a b l e  u n d e r  t h e s e  c o n d i t i o n s  than  
t h a t  f rom l e a n  mice .
The d e c r e a s e d  SOD and GSH p e r o x i d a s e  a c t i v i t i e s  o f  h e p a t i c  m i t o ­
c h o n d r i a  f rom obese  mice migh t  have  been  a  d i l u t i o n  e f f e c t ,  c aused  by 
i n c r e a s e d  s y n t h e s i s  o f  o t h e r  m i t o c h o n d r i a l  enzymes.  I t  h a s  be e n  shown, 
however ,  t h a t  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  m i t o c h o n d r i a l  m ark e r  enzyme, 
g l u t a m a t e  d e h y d ro g e n a s e ,  was the  same w h e t h e r  f rom t h e  l e a n  o r  obese  
mouse (Murphy e t  a l , 1979) .  Th is  i n d i c a t e s  t h a t  t h e r e  was a  s p e c i f i c  
r e p r e s s i o n  o r  i n h i b i t i o n  o f  m i t o c h o n d r i a l  SOD and GSH p e r o x i d a s e  i n  t h e  
l i v e r s  o f  obe se  m ice .  Obese mice  have  lowered  0^ cons u m p t io n  t h a n  t h e i r  
l e a n  c o u n t e r p a r t s  (Murphy e t  a l , 1979) .  As t h e  l i v e r  o f  t h e  o b e s e  mouse 
i s  c o n s i d e r a b l y  e n l a r g e d ,  i t  might  have lower  o x y g e n a t i o n  t h a n  c o n t r o l  
l i v e r .  M i t o c h o n d r i a l  SOD and GSH p e r o x i d a s e  a r e  p o s s i b l y  i n d u c i b l e  by 0^
( .Chapter  2);  t h e  d e c r e a s e  in  t h e s e  enzymes i n  o b e s e  mice m igh t  thus  Have 
been  c a u s e d  by l a c k  o f  0^ i n d u c t i o n .
C o n c l u s i o n s
R e l a t i v e l y  few o f  the  b i o c h e m i c a l  a l t e r a t i o n s ,  a s c e r t a i n e d  f o r  t h e
l i v e r s  o f  obe se  m ice ,  were t h e  same as  t h o s e  o f  Lewis lung  c a rc in o m a -
b e a r i n g  m ice .  The l i v e r  o f  t h e  obe se  mouse was t h e r e f o r e  a c o m p a r a t i v e l y  
l i m i t e d  model  o f  t h e  l i v e r  o f  Lewis lung c a r c i n o m a - b e a r i n g  mouse. 
However,  t h e  o b s e r v a t i o n  t h a t  h e p a t i c  c a t a l a s e  a c t i v i t y  i s  d e c r e a s e d  b o t h  
i n  t u m o u r - b e a r i n g  and i n  obese  m ice ,  and t h e  p o s t u l a t e d  r o l e  o f  c a t a l a s e  
i n  l i p i d  m e ta b o l i s m  (Crane and M a s t e r s ,  1984) may w e l l  be r e l a t e d .  The 
r e s u l t s  o f  the  p r e s e n t  s t u d i e s  do n o t ,  t h e r e f o r e ,  p r e c l u d e  th e  
p o s s i b i l i t y  t h a t  a l t e r e d  f a t  m e t a b o l i s m  i s  an i m p o r t a n t  a n t e c e d e n t  o f  
many o f  t h e  h e p a t i c  a b n o r m a l i t i e s  o f  t u m o u r - b e a r i n g  an im a ls  ( C h a p t e r  6 ) .
The s t u d i e s  o f  the  s h o r t - t e r m  s y s t e m ic  e f f e c t s  o f  Lewis lung  
c a rc in o m a s  have i n d i c a t e d  t h a t  the  tumour has  to  be a t  l e a s t  e x t e r n a l l y  
p a l p a b l e  b e f o r e  most  of  t h e  b i o c h e m i c a l  a b n o r m a l i t i e s  o f  n o n - n e o p l a s t i c  
t i s s u e s  were d e t e c t a b l e .  As t h e  s y s t e m i c  e f f e c t s  o f  human c a n c e r s  can 
oc c u r  when tumours a r e  s t i l l  r e l a t i v e l y  m in u te  i n  s i z e ,  changes  i n  a n t i ­
o x i d a n t  d e f e n c e  and l i p i d  p e r o x i d a t i o n  f o l l o w  o t h e r  b i o c h e m i c a l  p e r t u r b ­
a t i o n s ,  n o t  d e t e r m i n e d  by th e  p r e s e n t  i n v e s t i g a t i o n s ,  r a t h e r  t h a n  
d i r e c t l y  c a u se  them. The p r e s e n t  s t u d i e s  do n o t  m i l i t a t e  a g a i n s t  c e l l -  
m e d i a te d  immunity h a v in g  a s i g n i f i c a n t  r o l e  i n  t h e  d i s t u r b a n c e s  o f  m u r in e  
t i s s u e s ;  lym phok ines ,  such as  i n t e r f e r o n ,  may w e l l  be i n v o l v e d .  The
p o s s i b l e  c a u s e s  o f  t h e  s y s t e m ic  a b n o r m a l i t i e s  o f  m ice ,  b e a r i n g  Lewis  lung
c a r c i n o m a s ,  w i l l  be  d i s c u s s e d  f u r t h e r  i n  t h e  f o l l o w i n g  c h a p t e r .
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INTRODUCTION
One o f  t h e  p r im a ry  o b j e c t i v e s  o f  t h i s  t h e s i s  was to  a s c e r t a i n  
w h e th e r  any m a jo r  f a c e t s  o f  a n t i o x i d a n t  d e f e n c e  i n  a model  tumour sys tem ,  
were s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o f  normal  t i s s u e s .  I t  m igh t  t h e n  
be p o s s i b l e  t o  d e v i s e  methods to  e x p l o i t  any b i o c h e m i c a l  d i f f e r e n c e s  so 
t h a t  n e o p l a s t i c  c e l l s  co u ld  e i t h e r  be d e s t r o y e d  o r  com pe l led  to  d i f f e r ­
e n t i a t e .  Such s t r a t a g e m s  m us t ,  however ,  have  an i r r e v e r s i b l e  e f f e c t  upon 
m a l i g n a n t  t i s s u e s  b u t  c a use  l i t t l e  o r  no t o x i c i t y  to  normal  t i s s u e s  
( G r e e n s t e i n ,  1956) .  The a n t i o x i d a n t  d e f e n c e  sys tems  o f  n o n - n e o p l a s t i c  
t i s s u e s ,  f rom th e  t u m o u r - b e a r i n g  a n i m a l s ,  have a l s o  been  m o n i t o re d  
b e c a u s e  changes  i n  t h e  a b i l i t y  o f  t h e  h o s t  an im a l  to  d e t o x i f y  r e a c t i v e  
oxygen i n t e r m e d i a t e s ,  cou ld  p o s s i b l y  promote o r ,  c o n v e r s e l y ,  a t t e n u a t e  
a n t i c a n c e r  r e g im e n s ,  dependen t  upon t h e s e  s p e c i e s .
I n  t h i s  c o n c lu d i n g  c h a p t e r  o f  t h e  t h e s i s ,  some o f  t h e  e a r l i e r  
o b s e r v a t i o n s ,  c o n c e r n in g  a n t i o x i d a n t  d e f e n c e  and l i p i d  p e r o x i d a t i o n  in  
t h e  Lewis  lung  c a rc in o m a ,  a r e  d i s c u s s e d  f u r t h e r ,  and t h e i r  i m p l i c a t i o n s  
w i t h  r e g a r d  to  tumour m e ta b o l i s m  and a n t i - t u m o u r  t h e r a p y  a r e  s p e c u l a t e d .  
The c a u s e s  o f  t h e  e f f e c t s  o f  t h e  Lewis lung  ca rc inom a  upon t h e  a n t i ­
o x i d a n t  d e f e n c e  sys tems  and l i p i d  p e r o x i d a t i o n  o f  normal  t i s s u e s  i n  t h e  
t u m o u r - b e a r i n g  mouse a r e  a l s o  p o s t u l a t e d ,  c o n s i d e r a t i o n  b e in g  g i v e n  to  
the  ways i n  which t h e s e  p e r t u r b a t i o n s  m igh t  i n t e r f e r e  w i t h  s y s t e m i c  
a n t i t u m o u r  t h e r a p y .
F u r t h e r  C o n s i d e r a t i o n s  o f  A n t i o x i d a n t  Defence  i n  t h e  Lewis  Lung 
Carc inoma
S u p e r o x id e  d i s m u t a s e :  The o b s e r v a t i o n  o f  a s u b s t a n t i a l l y  g r e a t e r  m i t o ­
c h o n d r i a l  SOD i n  Lewis lung  ca rc inom a  than  m ur ine  lung ( C h a p te r  2)  was
n o t  n e c e s s a r i l y  a c o n t r a d i c t i o n  or  t h e  b e l i e f  t h a t  d e c r e a s e d  Mn-SOD i s  
c h a r a c t e r i s t i c  o f  c a n c e r  c e l l s  (O be r le y  e t  a l , 1981) .  SOD has  been 
r e p o r t e d  to  have a non-homogenous d i s t r i b u t i o n  t h r o u g h o u t  t h e  lung 
(Minchin and Boyd, 1983) :  lung  c o m pr i se s  o f  a t  l e a s t  40 c e l l  t ypes
( O b e r l e y  and S p i t z ,  1984) ;  and so the  type  o f  c e l l  f rom which
Lewis lung  ca rc inom a  a r o s e  ( p o s s i b l y  an a l v e o l a r  e p i t h e l i a l  c e l l ;  C h a p te r  
2) m igh t  have had even g r e a t e r  Mn-SOD t h a n  Lewis lung  c e l l s  (Westman and 
M ark lund ,  1981 ) .
The r e l a t i v e l y  e l e v a t e d  Mn-SOD a c t i v i t y  d e t e r m i n e d  f o r  Lewis lung 
tumours  i n d i c a t e s  t h a t  i n  v i v o , t h e  tumour c e l l s  may have  been  s u b j e c t e d  
to  c o n s i d e r a b l e  oxygen r a d i c a l  f l u x  o f  m i t o c h o n d r i a l  o r i g i n .  The a b e r r a n t  
morphology o f  Lewis lung  c e l l  m i t o c h o n d r i a  ( S a to  e t  a l , 1982)  migh t
r e f l e c t  a p e r t u r b a t i o n  o f  the  m i t o c h o n d r i a l  e l e c t r o n  t r a n s p o r t  c h a i n  i n  
t h e s e  c e l l s .  Blockage  o f  r e s p i r a t i o n  e nhances  *0^ p r o d u c t i o n  by m i t o ­
c h o n d r i a  ( B o v e r i s ,  1977; T u r re n s  e t  a l , 1982a;  O b e r l e y  and S p i t z ,  1984) .  
The 'C>2 , p o s t u l a t e d  to  have been g e n e r a t e d  by th e  m i t o c h o n d r i a  o f  Lewis 
lung  ca rc inom a  c e l l s ,  would be i n t e r c e p t e d  by SOD and d i sm u te d  to  H^O^. 
Some ^£^2 e s c a p e  r e d u c t i o n  by GSH p e r o x i d a s e ,  as  the  a c t i v i t y  o f
t h i s  enzyme i n  the  tumour c y t o s o l  was c o m p a r a t i v e l y  low. ^£^2 c o u ^  
p o s s i b l y  have d e a c t i v a t e d  th e  Cu/Zn-SOD o f  t h e  c y t o s o l ,  which  was 
o b s e rv e d  to  have  r e l a t i v e l y  low a c t i v i t y  i n  Lewis lu n g  c a rc in o m a .  As a 
l a r g e  p r o p o r t i o n  o f  a n t i c a n c e r  r eg im ens  i n v o l v e  *02 i n  t h e i r  mode o f  
a c t i o n  ( O b e r l e y  and B e u t t n e r ,  1979) .  The r e l a t i v e  r e s i s t a n c e  o f  Lewis 
lung  ca rc inom a  to  c o n v e n t i o n a l  chemotherapy  migh t  be e x p l a i n e d  by the  
c o m p a r a t i v e l y  h i g h  Mn-SOD a c t i v i t y .
P r o c e d u r e s  t o  d e t e r m i n e  SOD a c t i v i t y  i n  tumours :  The d e t e r m i n a t i o n  o f
SOD a c t i v i t y  i n  b i o l o g i c a l  samples  i s  s u b j e c t  to  endogenous  s o u r c e s  o f  
i n t e r f e r e n c e .  Any compound, p r e s e n t  i n  t h e  a s s a y  m i x t u r e  ( such  as 
a s c o r b a t e ,  GSH, t r a n s i t i o n  m e t a l s ,  PUFA, n u c l e i c  a c i d s )  a b l e  t o  a c t  as a
s o u r c e  o f  ‘ O^ , o t h e r  t han  th e  pr ime *0^ g e n e r a t o r ,  o r  a s i n k  o f  *0^ 
o t h e r  t h a n  SOD, o r  t h e  i n d i c a t i n g  s c a v e n g e r  o f  *0^ , c o u ld  have  caused  
e r r o n e o u s  e s t i m a t i o n s  o f  SOD a c t i v i t y  (Hassan  e t  a l , 1980; E l d r e d  and 
H o f f e r t ,  1981) .  T h i o l s ,  such as  GSH, a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  
i n h i b i t  t h e  p r o d u c t i o n  o f  p h o t o - o x i d i z e d  d i a n i s i d i n e ,  and t h e r e b y  migh t
have  caused  an u n d e r e s t i m a t i o n  o f  SOD a c t i v i t y ,  as  d e t e r m i n e d  by the
p r e s e n t  s t u d i e s  (Roth and G i l b e r t ,  1984) .
**2^2’ p roduced by SOD, c o u ld  ha ve ,  i n  the  p r e s e n c e  o f  f r e e  i r o n ,  
r e a c t e d  i n  a F e n t o n - t y p e  manner w i t h  ' 0 ^  ( g e n e r a t e d  by e l e c t r o n i c a l l y -
e x c i t e d  r i b o f l a v i n )  to  form h y d r o x y l  r a d i c a l s  (OH*) and s i n g l e t  oxygen 
(O2 *) ( O b e r l e y  and B e u t t n e r ,  1979; H a l l i w e l l ,  1981) .  These r e a c t i v e  
oxygen s p e c i e s  a r e  c a p a b l e  o f  i n i t i a t i n g  l i p i d  p e r o x i d a t i o n  (Bus and 
G ibson ,  1979; Cheeseman, 1982; S ingh ,  1982) .  R e a c t i o n  m i x t u r e s ,  u sed  in  
t h e  d e t e r m i n a t i o n  o f  SOD a c t i v i t y  in  b i o l o g i c a l  s a m p le s ,  may c o n t a i n  a l l  
t h e  components  r e q u i r e d  to  i n i t i a t e  an a u t o x i d a t i v e  c a s c a d e  (nam ely :  O2 , 
a t r a n s i t i o n  m e t a l  c a t a l y s t ,  ’ O2 , ^ £ ^ 2 * an^ PUFA). L i p o p e r o x i d e s  a r e  
r e p o r t e d  to  be u n s t a b l e  in  the  p r e s e n c e  o f  i r o n  s a l t s  o r  i r o n - c o n t a i n i n g
p r o t e i n s  ( H a l l i w e l l  and G u t t e r i d g e ,  1 9 8 4 a ) ,  and w i l l  b r e a k  down to  form
f u r t h e r  r e a c t i v e  oxygen s p e c i e s .  The r e s u l t a n t  a m p l i f i c a t i o n  o f  the  
g e n e r a t i o n  o f  r e a c t i v e  oxygen i n t e r m e d i a t e s ,  p a r t i c u l a r l y  * ^ 0 2 , co u ld  
c a u se  the  i n a c t i v a t i o n  o f  Cu/Zn-SOD (Bray  e t  a l , 1974; Hodgson and 
F r i d o v i c h ,  1975a; Fuchs and B o r d e r s ,  1983) .  C y t o s o l i c  SOD, d e a c t i v a t e d  by 
H2O2 can even a c t  as  a p rom o te r  o f  l i p i d  p e r o x i d a t i o n  (Hodgson and 
F r i d o v i c h ,  1975b) .  SOD a c t i v i t i e s ,  d e t e r m i n e d  by t h e  p r o c e d u r e  o f  t h e  
p r e s e n t  s t u d i e s ,  cou ld  t hus  have be e n ,  a t  l e a s t  i n  p a r t ,  a r e f l e c t i o n  o f  
s u s c e p t i b i l i t y  f o r  a u t o x i d a t i o n  and t h e  a n t i o x i d a t i v e  c a p a c i t y  o f  t h e  
s a m p le s .  Many an im al  tumours  have been  o b s e rv e d  to  have  g r e a t e r  
r e s i s t a n c e  to  l i p i d  p e r o x i d a t i o n  than  c o m p a r a t i v e  normal  t i s s u e s  ( B a r t o l i  
and G a l e o t t i ,  1979; P l a y e r  e t  a l , 1979; R oss i  and G e c c h i n i ,  1 9 8 3 ) .  SOD 
a c t i v i t i e s  o f  Lewis lung c a rc in o m a ,  may t h u s  have  been  o v e r - e s t i m a t e d  i n
10 mM phosphate, which was used to buffer the reaction mixture in 
the determinations of SOD activity, has been observed to inhibit bovine 
Cu/Zn SOD activity by about 50% (de Freitas and Valentine, 1984) .  This 
inhibition could be partially caused by contamination of phosphate buffer 
by heavy metals (Fridovich, 1982b) .  Cu/Zn-SOD activity in biological 
samples, and that of bovine SOD standards (Sigma), will probably have 
been equally affected by phosphate anions and other sources of 
interference, such as detergents (Ljutakova, 1984) .  Cu/Zn-SOD activities, 
determined by the procedure described in Chapter 2,  should thus have been 
quantitatively correct. Mn-SOD activity, which is also reported to be 
inhibited by anions such as phosphate (Benovic et al, 1983)  however was 
standardized, using bovine Cu/Zn SOD which might have been inappropriate 
due to differences in susceptibility to interference.
The p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  co u ld  be improved by r e - e v a l u a t i n g  
SOD a c t i v i t y ,  u s i n g  an a s s a y  sys tem  c o n t a i n i n g  a s u i t a b l e  m e t a l  c h e l a t o r ,  
such as  DETAPAC ( O b e r l e y  and S p i t z ,  1984)  o r  d e s f e r r i o x a m i n e  ( H a l l i w e l l  
and G u t t e r i d g e ,  1984a ) ,  which do no t  form s i g n i f i c a n t  r a d i c a l - r e a c t i o n  
i n i t i a t i n g  complexes w i th  i r o n .  D e s f e r r i o x a m i n e  would have  the  a d v a n t a g e  
o f  b e i n g  a p o t e n t  s c a v e n g e r  o f  OH* r a d i c a l s  ( H a l l i w e l l ,  1985 ) .  10 mM 
p h o s p h a te  s h o u ld  be s u b s t i t u t e d  by a n o t h e r  b u f f e r  sy s te m ,  such  as  50 mM 
Hepes (de F r e i t a s  and V a l e n t i n e ,  1984) .  T r i s  b u f f e r  must  no t  be used  
b e c a u s e  i t  ha s  SOD-l ike a c t i v i t y  ( O b e r l e y  and S p i t z ,  1984 ) .  Samples  c o u ld  
a l s o  be d i a l y z e d  to  remove low m o l e c u l a r  w e ig h t  s o u r c e s  o f  i n t e r f e r e n c e  
( E l d r e d  and H o f f e r t ,  1981; F r i d o v i c h ,  1982b) .  C a t a l a s e  m ig h t  be added to  
t h e  r e a c t i o n  m i x t u r e s  f o r  the  d e t e r m i n a t i o n  o f  SOD a c t i v i t y ,  to  p r e v e n t  
l i p i d  p e r o x i d a t i o n ,  and e n d - p r o d u c t  i n h i b i t i o n  o f  Cu/Zn SOD by ^ 0 ^  
( O b e r l e y  and S p i t z ,  1984) .  Commercial p r e p a r a t i o n s  o f  c a t a l a s e  must  be 
i n s p e c t e d  f o r  SOD a c t i v i t y  b e f o r e  use  ( F r i d o v i c h ,  1982b) .
SOD a c t i v i t y  o f  Lewis lung  ca rc inom a  and m ur ine  r e f e r e n c e  t i s s u e s ,  
migh t  be u s e f u l l y  d e t e r m i n e d ,  employing  o t h e r  p r o c e d u r e s .  A r e c e n t  r e v i e w  
o f  methods to  e v a l u a t e  SOD a c t i v i t y ,  con te nde d  t h a t  o n l y  two p r o c e d u r e s  
cou ld  be r e l i a b l y  used  to  d e t e r m i n e  the  SOD a c t i v i t i e s  o f  n e o p l a s t i c  
t i s s u e s  (O b e r l e y  and S p i t z ,  1984) .  One o f  t h e s e  methods  i s  t h e  m o d i f i e d  
x a n t h i n e  o x i d a s e /  n i t r o b l u e  t e t r a z o l i u m  (NBT) a s s a y  (Loven e t  a l , 1980) ,  
a p r o c e d u r e  which i s ,  however ,  a f f e c t e d  by b a c k - r e a c t i o n s  ( F r i d o v i c h ,  
1982b) .  The second method a s s e s s e s  SOD a c t i v i t y  by t h e  a b i l i t y  o f  SOD to  
c a t a l y z e  t h e  d i s p r o p o r t i o n a t i o n  o f  *0^ a t  a l k a l i n e  pH (Mark lund e t  a l , 
1982) ,  b u t  t h i s  a s s a y  i s  r e l a t i v e l y  s e n s i t i v e  t o  i n t e r f e r e n c e  by 
i m p u r i t i e s  ( O b e r l e y  and S p i t z ,  1984) .  Both methods t h e r e f o r e  r e q u i r e  a 
number o f  c o n t r o l s  and have  the  d i s a d v a n t a g e  o f  b e i n g  c o m p a r a t i v e l y  
d i f f i c u l t  to  o p e r a t e .
One o f  the  a u t h o r s  o f  the  t h e o r y  t h a t  t h e  n e o p l a s t i c  ph e n o ty p e  i s  
a s s o c i a t e d  w i th  d i m i n i s h e d  Mn-SOD a c t i v i t y  ( O b e r l e y  e t  a l , 1 9 8 2 ) ,  has  
r e c e n t l y  d i s c o v e r e d  the  i n c l u s i o n  o f  NaCN i n  t h e  x a n t h i n e  o x i d a s e /  NBT 
p r o c e d u r e ,  a p p l i e d  by h i s  l a b o r a t o r y ,  c a u s e s  u n d e r e s t i m a t i o n  o f  Mn-SOD 
a c t i v i t y  (O b e r le y  and S p i t z ,  1984) .  Using a m o d i f i e d  a s s a y ,  Mn-SOD c ou ld  
be d e m o n s t r a t e d  i n  samples  where a c t i v i t y  was no t  p r e v i o u s l y  d e t e c t e d  
( O b e r l e y  and S p i t z ,  1984) .  The d e t e r m i n a t i o n  o f  SOD a c t i v i t i e s  i n  b i o ­
l o g i c a l  t i s s u e s  by t h e  a v a i l a b l e  m ethods ,  i s  hampered by i n t e r f e r e n c e s  
t h a t  m igh t  have r e s u l t e d  i n  s p u r i o u s  a s s e s s m e n t s  o f  SOD a c t i v i t i e s  i n  
n e o p l a s t i c  t i s s u e s .  I t  would t h u s  be d e s i r a b l e ,  i n  f u t u r e  s t u d i e s  o f  
Lewis lung  c a rc in o m a ,  to  v e r i f y  t h e  b i o c h e m i c a l  e s t i m a t i o n s  o f  SOD 
a c t i v i t y ,  u s i n g  t e c h n i q u e s  such as  r ad io im m unoassay  o r  p o l y a c r y l a m i d e - g e l  
e l e c t r o p h o r e s i s ,  t o  d e t e r m i n e  a b s o l u t e  q u a n t i t i e s  o f  SOD i so e n z y m e s .
G l u t a t h i o n e  m e t a b o l i s m  i n  Lewis lung  c a r c in o m a s :  GSH p e r o x i d a s e
a c t i v i t i e s ,  d e t e r m i n e d  i n  b i o l o g i c a l  s a m p le s ,  may r e f l e c t  t h e  c o n c en ­
t r a t i o n  o f  the  enzyme r a t h e r  than  th e  a b i l i t y  to  d e t o x i f y  p e r o x i d e s  i n
vivo. Although GSH peroxidase can react with a great variety of hydro­
p e r o x i d e  s u b s t r a t e s  (hyd rogen  a c c e p t o r s ) ,  i t  has  p ronounced  s p e c i f i c i t y  
f o r  t h e  h y d r o g e n - d o n a t i n g  s u b s t r a t e ,  GSH ( F l o h e ,  1982) .  GSH p e r o x i d a s e  
a c t i v i t y  i n  Lewis lung  c a rc inom a  cou ld  t h u s  have  been  l i m i t e d  by t h e  
a v a i l a b i l i t y  i n  v i v o  o f  GSH, which i s  g e n e r a t e d  by 'y“ g l u tamy l c y s t :e i ne 
s y n t h e t a s e  and GSSG r e d u c t a s e  ( s e e  f o l l o w i n g  s e c t i o n ) .  GSH o f  Lewis  lung  
ca rc inom a  c e l l s  m igh t  have been  r e l a t i v e l y  i n a c c e s s i b l e  t o  GSH p e r o x i d a s e  
o f  c y t o s o l ,  m i t o c h o n d r i a  ( o r  o t h e r  s u b c e l l u l a r  com par tm en ts ;  C i k r y t  j^t 
a l , 1982 ) ,  due to  a p p r o p r i a t i o n  by o t h e r  s u b c e l l u l a r  compar tm en ts  o r
s u l p h h y d r y l  poo l s  (Kosower and Kosower,  1976b;  Romero e t  a l , 1984) .
A p p r o x im a te ly  35% o f  the  GSH o f  E h r l i c h  a s c i t e s  tumour c e l l s ,  f o r
example,  has  been r e p o r t e d  to  be bound to  p r o t e i n  as  mixed d i s u l p h i d e s
(Modig, 1968) .  GSH i s  r e q u i r e d  f o r  b i o s y n t h e t i c  pa thways o f  c e l l s  
( H a r i n g t o n ,  1967; Kosower and Kosower, 1978) .  Tumours,  b e i n g  r e l a t i v e l y
r a p i d l y - d i v i d i n g  t i s s u e s ,  p r o b a b l y  r e q u i r e  s u b s t a n t i a l  GSH, and p o s s i b l y  
can s e g r e g a t e  GSH t o  t h e  b i o s y n t h e t i c  components  o f  t h e i r  c e l l s .  GSH f o r  
compe ting r e a c t i o n s ,  such as  h y d r o p e r o x i d e  m e t a b o l i s m ,  m ig h t  t h u s  be 
l i m i t i n g  i n  some tumours .
GSH p e r o x i d a s e  a c t i v i t y  o f  lung ,  t h e  t i s s u e  from which Lewis  lung  
ca rc in om a o r i g i n a t e d ,  has  been  p o s t u l a t e d  to  be r e g u l a t e d  by t h e  a v a i l ­
a b i l i t y  o f  s e l e n i u m ,  and by h y p e r o x i c  s t r e s s  (Forman and F i s h e r ,  1981) .  
The c o m p a r a t i v e l y  low c y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t y  o f  Lewis  lung  
ca rc in om a was p r o b a b l y  no t  t h e  r e s u l t  o f  l i m i t e d  s u p p ly  o f  s e l e n i u m  
b e c a u s e  t h e  tumour m i t o c h o n d r i a  were o b s e rv e d  to  have  p ronounced  GSH 
p e r o x i d a s e  a c t i v i t y .  Many tumours  have been  shown to  a c c u m u la t e  s e l e n i u m  
( M i l n e r ,  1984) .  The d i m i n i s h e d  c y t o s o l i c  GSH p e r o x i d a s e  a c t i v i t y  o f  t h e  
ca rc in om a m igh t  t h e r e f o r e  have r e f l e c t e d  a low p o t e n t i a l  f o r  f r e e  r a d i c a l  
r e a c t i o n s  i n  t h e  s o l u b l e  compartment  o f  Lewis lung  tumour c e l l s .
Rat lung  has  been  o bse rve d  to  have  a r e l a t i v e l y  h i g h  p r o p o r t i o n  o f
G S H - t r a n s f e r a s e s  w i t h  n e u t r a l - t o - a c i d i c  i s o e l e c t r i c  p o i n t s  ( N i c h o l l s  and 
Ahokas,  1984) .  G S H - t r a n s f e r a s e  AA and GSH t r a n s f e r a s e  B ( l i g a n d i n )  a r e  
b a s i c  t r a n s f e r a s e s  p o s t u l a t e d  to  c o r r e s p o n d  to  s e l e n i u m - i n d e p e n d e n t  GSH 
p e r o x i d a s e  (Tan e t  a l , 1984) .  N on-se len ium  d e p e n d e n t  GSH p e r o x i d a s e  has  
been  r e p o r t e d  to  r e p r e s e n t  abou t  10% o f  the  t o t a l  GSH p e r o x i d a s e  a c t i v i t y  
o f  r a t  lung  ( J e n k i n s o n  e t  a l , 1983) .  I n  t h e  p r e s e n t  s t u d i e s ,  no s i g n i f ­
i c a n t  s e l e n i u m - i n d e p e n d e n t  GSH p e r o x i d a s e  a c t i v i t y  was d e t e c t e d  in  mur ine  
lung  o r  Lewis lung  c a rc in o m a .  The r e l a t i v e l y  p ronounced  c y t o s o l i c  GSH- 
t r a n s f e r a s e  a c t i v i t i e s  o f  ca rc inom a and pulmonary t i s s u e s  were thus  
u n l i k e l y  to  have  c o n t a i n e d  a s i g n i f i c a n t  component  f rom e i t h e r  a 
l i g a n d i n - l i k e  o r  a G S H - t r a n s f e r a s e  AA -l ike  enzyme.
The c o m p a r a t i v e l y  r a i s e d  GSH S - e p o x id e  t r a n s f e r a s e  a c t i v i t y  
d e t e r m i n e d  f o r  Lewis lung ca rc in om as  was p o s s i b l y  a r e f l e c t i o n  o f  
d i s t u r b e d  m e t a b o l i s m  i n  n e o p l a s t i c  c e l l s  which m igh t  have  r e s u l t e d  i n  the  
p r o d u c t i o n  o f  e x c e s s i v e  q u a n t i t i e s  o f  h y d ro p h o b ic  e l e c t r o p h i l e s . L i p i d  
epo x id e s  a r e  r e p o r t e d  to  be a m ajor  p r o d u c t  o f  l i p i d  p e r o x i d a t i o n  
r e a c t i o n s  i n  b i o l o g i c a l  membranes (S e v an ia n  e t  a l , 1981) .  E x a m in a t io n  o f  
a r an g e  o f  r a t  t i s s u e s  has  r e v e a l e d  lung to  have  th e  g r e a t e s t  concen­
t r a t i o n  o f  l i p i d  e p o x id e  (S e v a n ia n  e t  a l  1981) .  I t  has  been  p o s t u l a t e d  
t h a t  membrane p h o s p h o l i p a s e s  can c l e a v e  e p o x id e  m o i e t i e s  f rom th e  
membrane p h o s p h o l i p i d  to  be h y d r a t e d  by e pox ide  h y d r o l a s e s  t o  f a t t y  a c i d  
d i o l s  ( S e v a n ia n  e t  a l , 1981) .  These d i o l s  and e p o x id e s  a r e  p r o b a b l y  
removed from t h e  c e l l  c y t o s o l  by c o n j u g a t i o n  to  GSH. The s u b s t a n t i a l  GSH 
S - e p o x id e  t r a n s f e r a s e  o f  Lewis lung ca rc inom a  and pu lmonary  t i s s u e  m igh t  
t h e r e f o r e  have  f u n c t i o n e d ,  i n  p a r t ,  t o  t r a n s p o r t  l i p i d  e p o x id e  and l i p i d  
d i o l  r e s i d u e s .  A s u b s t a n t i a l  G S H - t r a n s f e r a s e  a c t i v i t y  m igh t  a l s o  a s s i s t  
in  t h e  removal  o f  e l e c t r o p h i l e s ,  such as  many a n t i c a n c e r  d r u g s ,  r e n d e r i n g  
t h e  Lewis lung  c a rc inom a  more r e s i s t a n t  to  t h e i r  a c t i o n s .
I t  ha s  been  s u g g e s t e d  t h a t  c y t o s o l i c  G S H - t r a n s f e r a s e s  a r e  c o n c e r n e d
w i t h  t h e  t r a n s p o r t  o f  n o n - p o l a r  m o le c u le s  be tween  t h e  p lasm a  membrane 
and t h e  i n t r a c e l l u l a r  membranes o f  c e l l s  (Boyer e t  a l , 1983 ) .  Lewis lung 
c a rc inom a s  c o u ld  t h u s  have  had enhanced  r e q u i r e m e n t  to  t r a n s p o r t  h y d r o -  
phob ic  s u b s t a n c e s  such as  f a t - s o l u b l e  v i t a m i n s ,  s t e r o i d s  and p r o s t a n o i d s .  
Rat and mouse tumours  have been  r e p o r t e d  to  a c c u m u la t e  v i t a m i n  E 
( B urob ina  and Nefakh ,  1970; Bur ton  e t  a l , 1 9 8 3 a ) .  S o l u b l e  GSH- 
t r a n s f e r a s e s  however  have  been  r e p o r t e d  to  be u n a b l e  to  b i n d  w i th  
membrane-bound s u b s t r a t e s  (Boyer  e t  a l , 1983) .  '/“Glutamyl t r a n s p e p t i d a s e  
i s  a membrane-bound enzyme, a b l e  to  r e a c t  w i th  S - s u b s t i t u t e d  GSH as  p a r t  
o f  t h e  pathway to  form m e r c a p t u r i c  a c i d s  from GSH-con juga te d  e l e c t r o ­
p h i l e s  ( M e i s t e r  and A nderson ,  1983) .  G S H - t r a n s f e r a s e s  and ' / - g l u t a m y l  
t r a n s p e p t i d a s e  p o s s i b l y  combine as  an i n t r a c e l l u l a r  t r a n s p o r t  sy s tem  of  
n o n - p o l a r  compounds.  As Lewis lung ca rc in om a had c o m p a r a t i v e l y  low 
' / - g l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y ,  t h i s  h y p o t h e t i c a l  t r a n s p o r t  sys tem 
may be l e s s  s i g n i f i c a n t  in  Lewis lung ca rc inom a  t h a n  i n  t h e  t i s s u e  o f  
o r i g i n ,  lung .  Lewis lung  tumours  p o s s i b l y  have a l t e r n a t i v e  m eans ,  such as  
O J - to c o p h e r o l  t r a n s p o r t  p r o t e i n  and p h o s p h a t i d y l c h o l i n e  exchange  p r o t e i n ,  
to  t r a n s l o c a t e  n o n - p o l a r  i n t r a c e l l u l a r  c o n s t i t u e n t s  (Boyer  e t  a l , 1983) .
Comparisons  be tw een  tumours  and t h e i r  t i s s u e s  o f  o r i g i n :  The p r e s e n t
s t u d i e s  have been  l a r g e l y  concerned  w i th  a s c e r t a i n i n g  a c t i v i t i e s  o f  
enzymes i n v o lv e d  w i th  m e t a b o l i s m  o f  e i t h e r  f r e e  r a d i c a l s ,  x e n o b i o t i c s  o r  
c a r b o h y d r a t e .  The l i v e r  i s  t h e  m a jo r  o rgan  o f  c a r b o h y d r a t e  m e t a b o l i s m  
(Waterhouse  and Kemperman, 1971)  and g e n e r a l l y  has  g r e a t e r  a c t i v i t i e s  o f  
r e a c t i v e  oxygen-  and x e n o b i o t i c - d e t o x i c a t i n g  enzymes t h a n  n o n - h e p a t i c  
t i s s u e s  ( T a p p e l ,  1980;  O r r e n i u s  and S i e s ,  1 9 82 ) .  H e p a t o c e l l u l a r  
c a rc inom as  ( h e p a t o m a s ) ,  neoplasms  of  h e p a t i c  o r i g i n ,  have  c o n s e q u e n t l y  
s e r v e d  as  t h e  m a jo r  an im a l  model f o r  i n v e s t i g a t i o n s  o f  c a n c e r  
b i o c h e m i s t r y  (Knox, 1978) .  The b i o m e d ic a l  l i t e r a t u r e ,  c o n c e r n i n g  the  
a c t i v i t i e s  o f  a n t i o x i d a n t  d e fe n c e  enzymes and enzymes o f  GSH m e t a b o l i s m ,
has  be e n  dom ina ted  by r e p o r t s  o f  t h e s e  a c t i v i t i e s  i n  h e pa tom as .  L i v e r  
tumours  a r e  g e n e r a l l y  r e p o r t e d  to  have b i o c h e m i c a l  f e a t u r e s  c o n t r a r y  to  
t h o se  o f  Lewis  lung c a rc in o m a ,  t h a t  i s  g r e a t e r  ' / “ g l u t a m y l  t r a n s p e p t i d a s e  
and g l u c o s e - 6 - p h o s p h a t e  dehyd rogenase  a c t i v i t i e s ,  and lower c a t a l a s e ,  
SOD, GSH p e r o x i d a s e ,  G S H - t r a n s f e r a s e ,  GSSG r e d u c t a s e  and 'y- g i utainy l “ 
c y s t e i n e  s y n t h e t a s e  a c t i v i t i e s  than  the  t i s s u e  o f  o r i g i n .  G l u c o s e - 6 -
p h o s p h a te  and /y_g l utamy l  t r a n s p e p t i d a s e  a r e  a lm o s t  u n d e t e c t a b l e  i n  normal  
a d u l t  r o d e n t  l i v e r  whereas  the  a c t i v i t i e s  o f  t h e  s i x  o t h e r  enzymes a r e
g r e a t e r  i n  l i v e r  t h a n  i n  any o t h e r  t i s s u e .  The a c t i v i t i e s ,  d e t e r m i n e d  f o r
hepa tom as ,  were thus  l e s s  ext reme i n  com par i son  to  most  normal  t i s s u e s  
than th e  h i g h l y - s p e c i a l i z e d  t i s s u e  o f  l i v e r .  The v a r i e d  p a t t e r n s  o f  
enzyme a c t i v i t y  o f  normal  t i s s u e s  have been  p ro p o se d  to  c o n v e rg e  towards  
a common p a t t e r n  a f t e r  m a l ig n a n t  t r a n s f o r m a t i o n  ( G r e e n s t e i n ,  1956;  Knox, 
1967) .  I t  h a s  been  c o n c lu d e d  t h a t  tumours o f  d i f f e r e n t  o r i g i n s  r e s e m b le  
one a n o t h e r  more c l o s e l y  than  do the  t i s s u e s  f rom which  th e y  a r o s e
( G r e e n s t e i n ,  1956) .  The c onc ep t  o f  \ enzymic c o n v e rg e n c e  i n  n e o p l a s t i c
c e l l s  i s  p o s s i b l y  t h e  b i o c h e m ic a l  c o u n t e r p a r t  o f  a n a p l a s i a ,  which  i s  the  
t endency  o f  m a l i g n a n t  c e l l s  to  adop t  m o r p h o l o g i c a l  u n i f o r m i t y  ( P re h n ,  
1977) .  There  m igh t  t h e r e f o r e  be more s i m i l a r i t i e s  i n  t h e  a n t i o x i d a n t
d e fe n c e  enzyme a c t i v i t i e s  be tween  Lewis lung  ca rc in o m a s  and h e p a to m as ,
than  be tw een  normal  l i v e r  and lung .  I t  i s  n o t a b l e  t h a t  the  enzyme
a c t i v i t i e s ,  d e t e r m i n e d  i n  t h e  p r e s e n t  s t u d i e s  f o r  t h e  B16 melanoma,  were
no t  a p p r e c i a b l y  d i f f e r e n t  from th o s e  o f  the  Lewis  lung  c a rc in o m a .  The one
m ajo r  e x c e p t i o n  was t h e  pronounced  /y~g iut:amy l  t r a n s p e p t i d a s e  a c t i v i t y  o f  
the  B16 melanoma, b u t  even t h i s  a c t i v i t y  was c o n s i d e r a b l y  l e s s  t h a n  t h a t  
o f  k i d n e y ,  a n o n - n e o p l a s t i c  t i s s u e .
L i v e r  c a n c e r s  a c c o u n t  f o r  l e s s  t han  1% o f  t h e  t o t a l  i n c i d e n c e  o f
human c a n c e r  i n  the  W este rn  World ( S i l v e r b e r g ,  1985) .  The e x t e n s i v e  use
o f  hepa tomas  as  b i o c h e m i c a l  models o f  n e o p l a s t i c  d i s e a s e  m igh t  t h u s  be 
i n a p p r o p r i a t e .  Many g e n e r a l i z a t i o n s  o r  t h e o r i e s  o f  n e o p l a s i a  have  been
largely based upon observations of biochemical perturbations of hepato­
cellular carcinomas. Some of these interpretations may be spurious 
because liver, the tissue of reference, is so biochemically specialized. 
The Lewis lung carcinoma, in some respects, is a better cancer model
because lung cancer is the principal cause of death by neoplastic disease 
in the Developed World (Prescott and Flexer, 1982 ) .  Epidermoid and large 
cell carcinomas, of which Lewis lung may be representative, are two of 
the four major categories of pulmonary cancer (Becker and Gazdar, 1985) .  
As lung comprises of many cell types, the reflection of biochemical 
specialization of one type of cell is less probable than liver (which is 
relatively homogenous). Pulmonary tissue is possibly a more 
representative non-neoplastic reference tissue than liver.
The r e q u i s i t e  c o n t r o l :  A l t e r a t i o n  o f  s i n g l e  enzyme p a th w a y s ,  even  to
l e v e l s  com parab le  to  t h a t  o f  o t h e r  normal  c e l l s ,  c o u ld  p o s s i b l y  evoke
b i o c h e m i c a l  i m b a la n c e s  in  s p e c i a l i z e d  c e l l s  t h a t  may c a u s e  c e l l  damage
l e a d i n g  to  d e a t h  o r  t r a n s f o r m a t i o n .  I n  c e l l s  t h a t  have  s u b s t a n t i a l  oxygen
m e ta b o l i s m ,  f o r  example,  a g iv e n  d e c r e a s e  i n  SOD o r  GSH p e r o x i d a s e
a c t i v i t y  would be c o n s i d e r a b l y  more d e l e t e r i o u s  t h a n  f o r  c e l l s  whose 
m e ta b o l i s m  i s  more a n a e r o b i c .  The p r i n c i p l e  o f  t h e  r a t i o n a l  a p p ro a c h  to  
the  improvement  o f  chem o therapy ,  i s  to  e x p l o i t  d i f f e r e n c e s  i n  b i o c h e m i c a l  
pathways be tw e en  normal  and tumour c e l l s  ( G r e e n s t e i n ,  1956 ) .  Th is  
a pproach  i s  n o t  n e c e s s a r i l y  concerned  w i t h  a b s o l u t e  c o n c e n t r a t i o n s  o f  
s u b c e l l u l a r  c o n s t i t u e n t s  o r  enzyme a c t i v i t i e s  i n  tumours  ( O b e r l e y  and 
S p i t z ,  1984) .  The o n ly  t e n a b l e  normal  t i s s u e  c o n t r o l ,  w i t h  which  a tumour 
can be compared,  has  t h u s  been  conc luded  t o  be a s i n g l e  c e l l  p o p u l a t i o n
o f  the  d i f f e r e n t i a t e d  c e l l  type  from which t h e  tumour o r i g i n a t e d  ( O b e r l e y
and S p i t z ,  1984 ) .  Pu lmonary  t i s s u e  migh t  t h e r e f o r e  have  be e n  a  poor
c o n t r o l  f o r  Lewis lung ca rc inom a  b e c a u s e  i t  i s  so h e t e r o g e n o u s .
The identity of the cell from which Lewis lung arose is uncertain.
The y i e l d  o f  " c o n t r o l "  c e l l s  f rom lung  t i s s u e  would p r o b a b l y  be so s m a l l  
t h a t  e x c e s s i v e  numbers o f  a n im a ls  would be  r e q u i r e d  to  p r o v i d e  s u f f i c i e n t  
samples  t o  make s t a t i s t i c a l  com par i son  w i t h  Lewis lung  tumour c e l l s .
S i m i l a r  r i g o r o u s  i s o l a t i o n  o f  a s i n g l e  c e l l  p o p u l a t i o n  o f  Lewis lung
c a rc inom a  c e l l s  would a l s o  be j u s t i f i e d .  D i s a g g r e g a t e d  n e o p l a s t i c  c e l l s  
o f  tumours  can be s e p a r a t e d  from i n f i l t r a t i n g  h o s t  c e l l s ,  by v e l o c i t y
s e d i m e n t a t i o n  t e c h n i q u e s  f o r  example ( G i l l e s p i e ,  1982 ) ,  o r  by
e s t a b l i s h i n g  tumour c e l l  s p h e r o i d s  i n  t i s s u e  c u l t u r e  (Twentyman, 1983) ;
b o t h  p r o c e d u r e s ,  i f  a p p l i e d  to  t h e  p r e s e n t  s t u d i e s  would p r o b a b l y  be 
l i m i t e d  by r e l a t i v e l y  poor  c e l l  y i e l d .  The p r o c e s s i n g  o f  i n t a c t  lung  and 
tumour c e l l s  m igh t  a l s o  cause  i n  v i t r o  i n d u c t i o n  o f  a n t i o x i d a n t  d e f e n c e  
enzymes by m o l e c u l a r  oxygen (Kimba l l  e t  a l , 1976;  A u to r  e t  a l , 1979;  see  
l a t e r ) .  The a p p l i c a t i o n  o f  the  p r e m i s e ,  t h a t  tumour c e l l s  may o n l y  be
compared w i t h  a s i n g l e  c e l l  p o p u l a t i o n  o f  t h e i r  d i f f e r e n t i a t e d  normal  
c e l l  c o u n t e r p a r t s ,  i n  s t u d i e s  w i t h  Lewis lung c a rc in o m a ,  would c l e a r l y  be 
s u b j e c t  to  many p r a c t i c a l  d i f f i c u l t i e s .
I n f i l t r a t i o n  o f  tumour by h o s t  c e l l s :  The a rgument  o f  u s i n g  s i n g l e  c e l l
p o p u l a t i o n s  migh t  a l s o  be a p p l i e d  to  tumours ,  such  as  Lewis  lung
c a rc in o m a ,  which a r e  s i g n i f i c a n t l y  i n f i l t r a t e d  by h o s t  c e l l s .
E r y t h r o c y t e s  have  been  o bse rve d  to  have pronounced  a c t i v i t i e s  o f
c a t a l a s e ,  and c y t o s o l i c  GSH p e r o x i d a s e ,  SOD, /y § l utamy l c y s t e i n e
s y n t h e t a s e ,  g l u c o s e - 6 - p h o s p h a t e  d e h yd roge na se  (Marklund e t  a l , 1982 ) ;
a l v e o l a r  macrophages  have  been  r e p o r t e d  to  have  p ronounced  Mn-SOD
a c t i v i t i e s  ( s e e  l a t e r ) .  The a c t i v i t i e s  o f  t h e s e  enzymes were
c o m p a r a t i v e l y  low in  Lewis lung c a rc inom as  ( C h a p t e r  2)  and t h e r e f o r e  a 
s i g n i f i c a n t  p r o p o r t i o n  o f  a l l  t h e s e  a c t i v i t i e s  m igh t  ha v e  be e n
c o n t r i b u t e d  by h o s t - d e r i v e d  c e l l s .
I n f l u e n c e  o f  h y p o x ia :  H i s t o l o g i c a l  e x a m i n a t i o n s  o f  Lewis  lung  c a r c in o m a s
ha v e  s u p p o r t e d  t h e  c o n c e p t  t h a t  r e g i o n s  o f  t h e  tumour,  p a r t i c u l a r l y  a t
t h e  c e n t r e ,  a r e  c o m p a r a t i v e l y  hypoxic  ( S a l s b u r y  e t  a l , 1974; Dobrossy  et^  
a l ,  1980 ) .  O xygena t ion  o f  t i s s u e s  i s  d e p e n d en t  upon s u p p ly  by b lood  
v e s s e l s  ( M i l l a r ,  1982) ;  hypox ic  c e l l s  a r i s e  b e c a u s e  t h e  g rowth  o f  tumour 
c e l l s  e x c ee d s  t h a t  o f  the  s u p p o r t i v e  v a s c u l a r  t i s s u e  ( S t o n e ,  1979) .  
Unba lanced  tumour c e l l  p r o l i f e r a t i o n  c a u s e s  e x c e s s i v e  p r e s s u r e s  on b lood  
c a p i l l a r i e s ,  c a u s i n g  them to  c o l l a p s e  ( T e i c h e r  and Rose ,  1984) .  The 
s u p p o s i t i o n ,  o f  t h e  p r e s e n t  s t u d i e s ,  was t h a t  a b o r e  o f  t i s s u e  removed 
from t h e  c e n t r e  o f  i /m  embedded Lewis lung  c a rc in o m a ,  would a p p ro x i m a t e  
to the  b u l k  o f  t h e  hypox ic  c e l l s  and n e c r o t i c  components  o f  t h e  tumour.  
Tumours were s e p a r a t e d  i n t o  h y p o t h e t i c a l  o x y g e n a te d  and h y p o x i c  zone s ,  
u s i n g  a n a t o m i c a l  c o n s i d e r a t i o n s  b e c a u s e  d i r e c t  d e t e r m i n a t i o n  o f  r e g i o n a l  
oxygen t e n s i o n  i n  s o l i d  tumours  was n o t  t e c h n i c a l l y  p o s s i b l e  (Kennedy e_t 
aT, 1 9 8 0 ) .  The d i s t r i b u t i o n  o f  a n t i o x i d a n t  d e f e n c e  enzyme a c t i v i t y  and 
T B A - r e a c t i v i t y  w i t h  s o l i d  Lewis lung  ca rc in o m a s  ( C h a p te r  2 ) ,  however ,  
i n d i c a t e d  t h a t  the  s i m p l i f i e d  model ,  u sed  i n  t h e  p r e s e n t  s t u d i e s ,  t h a t  o f  
a s o l i d  tumour which i s -  a e r a t e d  a t  the  p e r i p h e r y  and h y p o x ic  a t  the  
c e n t r e ,  may w e l l  have  had some r e l e v a n c e  to  i n  v i v o  tumour o x y g e n a t i o n .
The haemoglob in  d i s t r i b u t i o n  w i t h i n  Lewis lung  c a r c i n o m a s ,  co u ld  
p o s s i b l y  be d e t e r m i n e d  by i n j e c t i n g  r a d i o l a b e l l e d  i r o n  i n t o  a t u m o u r - f r e e  
s y n g e n e ic  mouse. The red  b lood  c e l l s  o f  t h i s  mouse cou ld  t h e n  be  i n j e c t e d  
i / v  i n t o  a mouse,  b e a r i n g  a Lewis lung  c a rc in o m a .  The a u t o r a d i o g r a p h  o f  
th e  tumour,  f rom t h i s  a n im a l ,  m igh t  t h e n  i n d i c a t e  t h e  l o c a t i o n s  o f  
ha em oglob in  and ,  by i n f e r e n c e ,  t h o s e  o f  h y p o x i a  w i t h i n  t h e  c a rc in o m a .  A 
s i m i l a r  t e c h n i q u e  to  e s t i m a t e  t i s s u e  o x y g e n a t i o n  has  be e n  r e p o r t e d :  
t r i t i a t e d  r a d i o s e n s i t i z e r ,  m i s o n i d a z o l e  i s  i n j e c t e d  i n t o  t h e  c i r c u l a t i o n  
o f  a c a n c e r  p a t i e n t  o r  t u m o u r - b e a r i n g  a n im a l ;  h i s t o l o g i c a l  s e c t i o n s  o f  
neop la sm  show i n t e n s e  r a d i o a c t i v e  l a b e l l i n g  i n  r e g i o n s  t h a t  were h y p o x ic  
i n  v i v o  ( U r t a s u n  e t  a l , 1986) .
Mice were o b s e rv e d  to  be g r o s s l y  anaemic a f t e r  13 days  o f  b e a r i n g
Lewis lung carcinomas (Chapter 3). The lack of erythrocytes, that is
o x y g e n - c a r r y i n g  c a p a c i t y ,  o f  t h e  b lood  o f  t u m o u r - b e a r i n g  mice  m igh t  have  
e x a c e r b a t e d  the  hyp o x ic  s t a t e  o f  Lewis lung  ca rc inom a s  ( T e i c h e r  and Rose ,  
1984) .
The r e l a t i v e l y  g r e a t e r  /y g i utamy l  c y s t e i n e  s y n t h e t a s e  a c t i v i t y ,  
d e t e r m i n e d  f o r  t h e  i n n e r m o s t  zone  o f  Lewis lung ca rc inom a  may h a v e  b e e n  a 
c ause  o f  the  g r e a t e r  GSH c o n c e n t r a t i o n  o f  t h e  c o r t i c a l  r e g i o n .  The 
env i ronm en t  o f  hypox ic  tumour c e l l s  has  been  p o s t u l a t e d  to  be more
conduc ive  to  r e d u c t i v e  r e a c t i o n s  than  t h a t  o f  b e t t e r  a e r a t e d  c e l l s .  A 
r e d u c i n g  env i ronm en t  would p r o b a b l y  h e l p  t o  m a i n t a i n  the  GSH/GSSG b a l a n c e  
i n  f a v o u r  o f  GSH. I t  has  been  p roposed  ( C h a p te r  2) t h a t  t h e r e  was 
p o s s i b l y  l e s s  l i p i d  p e r o x i d a t i o n  a t  t h e  c o r t e x  o f  Lewis lung  c a rc inom a  
than  the  p e r i p h e r y .  At t h e  lower oxygen t e n s i o n s  o f  t h e  c o r t e x ,
p r o d u c t i o n  o f  and l i p i d  p e r o x i d e s  would be c o m p a r a t i v e l y  low and
t h e r e  would be c o r r e s p o n d i n g l y  l e s s  o x i d a t i o n  o f  GSH by GSH p e r o x i d a s e .
A l v e o l a r  macrophages  have  been  r e p o r t e d  t o  have s p e c i f i c  Mn-SOD
a c t i v i t i e s  a p p r o x i m a t e l y  12 f o l d  g r e a t e r  t han  t h a t  o f  r a t  l u n g ,  f rom 
which t h e y  were i s o l a t e d  (Forman and F i s h e r ,  1981) .  Lewis lung  tumour 
t i s s u e ,  f rom th e  p e r i p h e r y  o f  the  c a rc in o m a ,  was o b s e rv e d  t o  have  6 -8  
f o l d  g r e a t e r  Mn-SOD a c t i v i t y  t h a n  m urine  lung  and a bou t  2 -4  f o l d  g r e a t e r  
a c t i v i t y  th a n  t h a t  o f  t h e  c o r t i c a l  r e g i o n  ( t a b l e  2 . 1 1 ) .  The c o n c e n t r a t i o n  
o f  i n v a d i n g  macrophages was p r o b a b l y  g r e a t e r  a t  t h e  p e r i p h e r y  o f  Lewis  
lung c a rc inom as  than  a t  the  c o r t e x  b e c a u s e  t h e  v a s c u l a t u r e  a t  t h e
p e r i p h e r y  was t h e o r e t i c a l l y  more i n t a c t .  The d i f f e r e n c e  i n  t h e  a c t i v i t y  
o f  Mn-SOD, and p o s s i b l y  o t h e r  a n t i o x i d a n t  d e f e n c e  enzymes, b e tw e e n  t h e  
two r e g i o n s  o f  Lewis lung  ca rc inom a  m igh t  have  been  c a u se d  by t h e
d i f f e r e n t i a l  d i s t r i b u t i o n  o f  macrophages i n  t h e  tumour.  The g r e a t e r
c o n c e n t r a t i o n  o f  T B A - re a c t i v e  m a t e r i a l  a t  the  o u t e r m o s t  r e g i o n s  o f  Lewis  
lung ca rc inom a  migh t  have  b e e n  the  r e s u l t  o f  a c t i v e  oxygen s p e c i e s ,
p roduced  by i n v a s i v e  macrophages (Del  M a e s t ro  e t  a l , 1980;  Weiss  and
L o B u g l io ,  1982) .
The s t u d i e s  d e s c r i b e d  i n  t h i s  t h e s i s ,  were i n t e n d e d  to  be a 
p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  p o s s i b l e  e f f e c t s  o f  d i m i n i s h i n g  t i s s u e  
o x y g e n a t i o n  upon a n t i o x i d a n t  d e f e n c e  enzymes. By c o n s i d e r i n g  s u b c e l l u l a r  
a c t i v i t i e s  o f  enzymes and the  e f f e c t s  o f  tumour g ro w th ,  t h e  p r e s e n t  
i n v e s t i g a t i o n s  have  a r g u a b l y  improved upon t h e  o n l y  s i m i l a r  e x p e r i m e n t s  
to  have  been  r e p o r t e d  e l s e w h e r e  ( P e tk a u  e t  a l , 1977) .
The a m b i g u i t i e s  o f  the  p r e s e n t  s t u d i e s  m igh t  be  p a r t i a l l y  r e s o l v e d  
by d e t e r m i n i n g  the  r e l a t i v e  c o n t r i b u t i o n s  o f  a l l  s u b c e l l u l a r  o r g a n e l l e s  
i n  c o r t i c a l  and p e r i p h e r a l  r e g i o n s  o f  Lewis lung  c a r c in o m a s .  The g r e a t e r  
y i e l d  o f  p r o t e i n  i n  t h e  m i t o c h o n d r i a l  f r a c t i o n s  o f  t h e  c o r t i c a l  r e g i o n s ,  
f o r  example,  cou ld  have been  t h e  r e s u l t  o f  ly sosom a l  p r o l i f e r a t i o n  i n  
t h e s e  i s c h a e m ic  t i s s u e s .  O b s e r v a t i o n s  e l s e w h e r e  o f  the  " f l o r i d "  and 
n e c r o t i c  a r e a s  o f  Lewis lung c a r c in o m a s ,  however ,  have  shown t h a t  the  
f l o r i d ,  p resum ab ly  a e r a t e d  r e g i o n s  o f  tumour,  have  s i g n i f i c a n t l y  g r e a t e r  
ly so s o m a l  enzyme a c t i v i t i e s  t han  t i s s u e  o f  t h e  n e c r o t i c  ( h y p o x ic )  r e g i o n  
(D obrossy  e t  a l , 1980) .  As the  e x t e n t  o f  h y p o x ia  in  Lewis lung  c a rc in o m a s  
was unknown, i t  may be a p p r o p r i a t e  to  remove b o r e s  o f  d i f f e r i n g  d i a m e t e r ,  
f o r  a  g i v e n  volume o f  tumour.  Th is  p r o c e d u r e  m igh t  o p t i m i z e  the  
d i f f e r e n c e s  i n  a n t i o x i d a n t  d e f e n c e  enzyme a c t i v i t i e s  t h a t  can be o b t a i n e d  
be tw een  o u t e r  and i n n e r  zones o f  Lewis lung  c a rc in o m a .  The i n e v i t a b l e  
o v e r l a p  i n  hypox ic  and a e r o b i c  " c h a r a c t e r "  be tw een  tumour c o r t e x  and t h e  
r e s i d u a l  tumour might  have a t t e n u a t e d  the  a p p a r e n t  d i f f e r e n c e s  i n  a n t i ­
o x i d a n t  d e f e n c e  enzymes and T B A - re a c t iv e  m a t e r i a l .  F u t u r e  s t u d i e s  co u ld  
p o s s i b l y  use  s m a l l e r  sam ples ,  removed by b i o p s y  from th e  c e n t r e  and 
m arg in  o f  t h e  tumour,  r a t h e r  t han  s e p a r a t i n g  th e  tumour i n t o  two 
a r b i t r a r y  d i v i s i o n s .
The e f f e c t  o f  m a n i p u l a t i n g  the  o x y g e n a t i o n  o f  Lewis lung  c a rc in o m a
might also be studied. Tumour antioxidant defence enzymes may be 
determined after hyperoxic exposure of Lewis lung carcinoma-bearing mice 
(Petkau et al, 1977) .  An alternative means to increase the oxygenation of 
Lewis lung carcinoma is to perfuse tumour-bearing mice intravenously with 
oxygen-carrying perfluorochemical emulsion, which has superior oxygen- 
transporting capacity than blood (Teicher and Rose, 1 9 84 ) .  Perfluro- 
chemical emulsion particles are considerably smaller than haemoglobin 
molecules and may thus allow delivery of oxygen to areas of the tumour, 
inaccessible to haemoglobin. Intravenous administration of perfluro- 
chemical emulsion, with concomitant hyperoxic exposure, has been 
successfully applied to increase effectiveness of radiation therapy 
against i/m- implanted Lewis lung carcinomas (Teicher and Rose, 1984) .  
Another experimental approach to the investigation of the effects of 
oxygenation upon Lewis ‘lung carcinoma might be to vary the oxygen 
concentrations under which cultured Lewis lung carcinoma cells are 
incubated. Multicellular spheroids are alternative in vitro models of 
oxygen gradients in solid tumours (Jones et al, 1982)  which might be 
usefully employed for future studies of Lewis lung carcinoma.
Other antioxidants: Many other cellular constituents, such as
ascorbate, uric acid, OL-tocopherol, riboflavin, retinoids, zinc and 
selenium, are reported to function as antioxidants (Willson, 1977;  Ames, 
1983; Bollag, 1983; Burton and Ingold, 1983;  Willson, 1983;  Miyazawa e_t 
al, 1984) .  Neoplastic tissues have been shown to concentrate selenium
more than normal tissues (Baumgartner et al, 1978; Milner, 1 9 8 4 ) .  Vitamin 
E concentrations of murine and rat tumours have been reported to be 
comparatively greater than those of non-neoplastic tissues (Burobina and 
Nefakh, 1970; Burton et al, 1983b) .  Studies of tumour-bearing rodents 
have demonstrated that their neoplastic tissues selectively concentrate 
ascorbate at the expense of normal tissues (Cameron et al, 19 7 9 ) .  Amines, 
such as spermine, have been postulated to be cell antioxidants (Vanella
e t  a l , 1980) .  Lewis lung  ca rc inom a  has  been  r e p o r t e d  to  have 
c o m p a r a t i v e l y  r a i s e d  c o n c e n t r a t i o n s  o f  h i s t a m i n e  and po lyam ines  
( B a r t h o l e y n s  and B o u c l i e r ,  1984) ,  which p o s s i b l y  c o n t r i b u t e  to  t h e  a n t i ­
o x i d a n t  c a p a c i t y  o f  t h e  ca rc inom a .  An i n c r e a s e  i n  serum u r i c  a c i d  has  
been  a s s o c i a t e d  w i t h  m a l i g n a n t  tumours ,  e s p e c i a l l y  t h o s e  w i t h  e x t e n s i v e  
n e c r o s i s  ( H e p l e r ,  1957) .  The r e l a t i v e l y  lower  a n t i o x i d a n t  d e f e n c e  enzyme 
a c t i v i t i e s  o f  many tumours  migh t  r e s u l t  f rom a s h i f t  i n  b i o c h e m i c a l  
c h a r a c t e r  i n  which enzymic sys tems  to  d e t o x i f y  a c t i v e  oxygen s p e c i e s  a r e  
d i s p l a c e d  by non-enzymic  mechanisms ( P e s k i n  e t  a l , 1 9 77 ) .  The 
s e q u e s t r a t i o n  o f  non-enzymic  a n t i o x i d a n t s  by tumours  m igh t  e x p l a i n  t h e i r  
g e n e r a l  r e s i s t a n c e  to  l i p i d  p e r o x i d a t i o n .
I t  would be a p p r o p r i a t e  to  d e t e r m i n e  c o n c e n t r a t i o n s  o f  a n t i o x i d a n t  
s y s te m s ,  o t h e r  than  SOD, c a t a l a s e  and GSH-cent red s y s t e m s ,  i n  f u t u r e  
s t u d i e s  o f  Lewis lung  c a rc inom a .  Cytochrome ^4 5 0 ’ o r  a 
c y tochrom e ,  may have  had an i m p o r t a n t  r o l e  i n  t h e  enzymic m e t a b o l i s m  o f  
oxygen r a d i c a l s  i n  Lewis lung  c a rc in o m a s .  As v i t a m i n  E i s  t h e  most  
e f f e c t i v e  endogenous c h a i n - b r e a k i n g  a n t i o x i d a n t  known ( B u r to n  and I n g o l d ,  
1983) ,  i t  would be p a r t i c u l a r l y  i m p o r t a n t  to  a s c e r t a i n  i t s  c o n c e n t r a t i o n s  
i n  t h e  ca rc inom a  to  c o m p le te  t h e  a n t i o x i d a n t  p r o f i l e  o f  t h e  Lewis  l u ng .
Lipid Peroxidation and the Lewis Lung Carcinoma
The s u b s t a n t i a l  T B A - re a c t iv e  m a t e r i a l  c o n c e n t r a t i o n s  o f  Lewis  lung 
c a rc inom as  d id  no t  n e c e s s a r i l y  c o n f l i c t  w i th  o b s e r v a t i o n s  o f  o t h e r  an im a l  
tumours ( B a r b e r  and Bernhe im,  1967) ,  as  t h e  ca rc inom a  showed l i m i t e d  
a b i l i t y  to  undergo  l i p i d  p e r o x i d a t i o n  i n  v i t r o . P o t e n t i a l  s o u r c e s  o f  
T B A - r e a c t i v i t y  i n  t h e  Lewis lung ca rc inom a  have  been  d i s c u s s e d  p r e v i o u s l y  
( C h a p te r  4 ) .  Lewis lung  ca rc inom a  c e l l s  may f e a s i b l y  have  p ro d u ce d  f r e e  
r a d i c a l s  to  a i d  t h e  growth  o f  t h e  tumour ( s e e  l a t e r ) .  The c a r c in o m a  c e l l s  
would t h u s ,  by n e c e s s i t y ,  have  been  r e l a t i v e l y  r e s i s t a n t  t o  l i p i d  p e ro x ­
i d a t i o n ,  as  i n d i c a t e d  by t h e  s t u d i e s  in  which tumour m ic rosom es  were
i n s u l t e d  w i t h  FeCl^ and a s c o r b a t e .  The a b i l i t y  o f  Lewis  lung  ca rc in om a 
c e l l s  t o  p r o l i f e r a t e  i n  t h e  95% a i r  a tm osphe re  o f  c e l l  c u l t u r e ,  a l s o  
i n f e r s  a c o m p a r a t i v e  r e s i s t a n c e  to  oxy g e n -m e d ia t ed  t o x i c i t y .  The low 
s u s c e p t i b i l i t y  o f  tumour c e l l s  to  damage from r e a c t i v e  oxygen  s p e c i e s  has  
been  s u g g e s t e d  to  be caused  by t h e  i n a b i l i t y  t o  c o n v e r t  'C^ t o  more
t o x i c  s p e c i e s ,  such as  *0H, o r  b e c a u s e  i n t r i n s i c  c e l l  p e r t u r b a t i o n s  may 
have made tumour c e l l s  l e s s  s e n s i t i v e  to oxygen t o x i c i t y  ( O b e r l e y  e t  a l , 
1980) .  The " i m m o r t a l i t y "  o f  n e o p l a s t i c  c e l l s  has  been  p o s t u l a t e d  to  be 
due to  t h i s  r e s i s t a n c e  to  a u t o x i d a t i o n ,  a l t h o u g h  b i o c h e m i c a l  abnorm­
a l i t i e s ,  c h a r a c t e r i s t i c  o f  c a n c e r  c e l l s ,  may w e l l  be c a u se d  by r e a c t i v e  
oxygen i n t e r m e d i a t e s  ( O b e r l e y  e t  a l , 1980) .
The p r e s e n t  s t u d i e s  might  t h u s  be f u r t h e r e d  by d e t e r m i n i n g  the 
a b i l i t y  o f  Lewis lung  ca rc in om as  to  g e n e r a t e  *0^ r e l a t i v e  to  normal  
t i s s u e s .  Adrenochrome f o r m a t i o n  c o u ld ,  f o r  example ,  be  u s e d  to  i n d i c a t e  
the  p r e s e n c e  o f  *0^ ( O b e r l e y  e t  a l , 1982) .  N u c l e a r  membranes from r o d e n t  
tumours have  a l s o  been  r e p o r t e d  to  be a b l e  t o  p ro d u c e  *0 ^ i n  v i t r o
( B a r t o l i  e t  a l , 1977; P e s k i n  e t  a l , 1980) .  S t u d i e s  o f  *0  ^ g e n e r a t i o n  by 
the  Lewis  lung  ca rc inom a  might  t h e r e f o r e  u s e  m i t o c h o n d r i a l ,  m ic ro som al  
and n u c l e a r  s u b c e l l u l a r  f r a c t i o n s .  The d e t e r m i n a t i o n  o f  oxygen r a d i c a l
f o r m a t i o n  by Lewis lung  ca rc inom a c e l l s  i n  c u l t u r e  m igh t  a l s o  be 
w a r r a n t e d ,  as  t h e  oxygen t e n s i o n  o f  t h i s  type  o f  s y s te m  can  be v a r i e d .
A l though  some ty p es  o f  tumour c e l l  m igh t  be a b l e  to  p roduce  
r e a c t i v e  oxygen s p e c i e s  i n  v i t r o , t h e r e  i s  v e r y  l i t t l e  e v i d e n c e  t h a t
tumour c e l l s  p roduce  t h e s e  s p e c i e s  i n  v i v o . M e la n in  i s  a s t a b l e  f r e e  
r a d i c a l ,  r e p o r t e d  to  produce  ’ ( ^  and ( S w a r t z ,  1 9 8 2 a ) .  The
s i g n i f c a n t  T B A - r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n s  o f  B16 melanomas ( C h a p t e r  
3) may w e l l  have  r e f l e c t e d  the  o c c u ra n c e  o f  f r e e  r a d i c a l s  i n  t h i s  tumour .
Rat  n e o n a t a l  lung t i s s u e  has  been  r e p o r t e d  t o  ha v e  a g r e a t e r  l i p o -  
p e r o x i d e  c o n c e n t r a t i o n  than  a d u l t  t i s s u e  ( K e h re r  and A u t o r ,  1 9 77 ) .  T h i s
indicates that neoplastic lung tissue might, feasibly, be susceptible to 
lipid peroxidation. The Lewis lung carcinoma is possibly another 
apparantly unusual tumour which can produce reactive oxygen species in 
vivo.
Relevance of GSH Concentration and Antioxidant Defence Enzyme Activities 
to Tumour Progression and Therapy
Tumour p r o g r e s s i o n :  The p r e s e n t  s t u d i e s  and p r e v i o u s  o b s e r v a t i o n s  (Cape l
and T h o r n l e y ,  1982)  have  shown s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  T B A - re a c t i v e  
m a t e r i a l  i n  Lewis lung  c a rc in o m a ,  i n d i c a t i n g  t h a t  t h e r e  may have  been  i n  
v i v o  l i p i d  p e r o x i d a t i o n .  To have been  b i o l o g i c a l l y  s i g n i f i c a n t ,  t h e  
p o s t u l a t e d  g e n e r a t i o n  o f  o x y g e n - c e n t r e d  r a d i c a l s  must  have  ou tw e ig h e d  th e  
a n t i o x i d a n t  d e f e n c e  sys tem s  of  Lewis lung ca rc inom a  to  a s u b l e t h a l  
e x t e n t :  o t h e r w i s e  t h e  tumour cou ld  no t  have c o n t i n u e d  to  i n c r e a s e  in  
s i z e .  A c t i v a t e d  oxygen s p e c i e s  i n  Lewis lung  c a rc in o m a  m ig h t  have  been  
g e n e r a t e d  by one o r  more o f  t h e  o x i d a s e  sys tems  o f  t h e  c e l l ,  such as  t h e  
m i t o c h o n d r i a l  e l e c t r o n  t r a n s p o r t  c h a i n ,  p e ro x i s o m a l  o x i d a s e s ,  o r  x a n t h i n e  
o x i d a s e  o f  t h e  c y t o s o l  (Freeman and Crapo,  1982) .  Lung,  t h e  t i s s u e  i n  
which Lewis lung  c a rc inom a  o r i g i n a t e d ,  has  been  d e m o n s t r a t e d  t o  have  a 
f u n c t i o n a l  cy tochrome P45Q mono-oxygenase  sys tem  (M inch in  and Boyd, 
1983) .  NADPH-dependent cy tochrome r e d u c t a s e  o f  t h e  m ic r o so m a l  mixed
f u n c t i o n  o x i d a s e  s y s te m  can c a t a l y z e  the  r e d u c t i o n  o f  t o  *0^ ( P a i n e ,  
1978; E r n e s t e r  e t  a l , 1982) .  I t  would be u s e f u l  i n  f u t u r e  e x p e r i m e n t s  to  
d e t e r m i n e  the  a c t i v i t y  o f  t h i s  enzyme i n  t h e  Lewis lung  c a r c in o m a .
Tumour cells have been reported to accumulate haeraatoporphyrin more 
than most normal tissues (Beuttner and Oberley, 1980) .  Haemoglobin and 
its derivatives have been observed to be able to catalyze the production 
of active oxygen intermediates and lipoperoxides (Rotilio e£ a_l, 1977; 
Szebini et al, 1984; Thornally et al, 1984) .  As Lewis lung carcinoma, 
used in the present studies, was haemorrhagic, haemoglobin might be
i m p l i c a t e d  i n  t h e  h y p o t h e t i c a l l y - e l e v a t e d  p r o d u c t i o n  o f  r e a c t i v e  oxygen 
s p e c i e s .  The t a r g e t i n g  o f  oxygen m e t a b o l i t e s  by i n v a s i v e  i n f l am m ato ry  
c e l l s ,  i n v a d i n g  the  Lewis  lung c a rc inom a ,  was p r o b a b l y  a s i g n i f i c a n t  
s o u r c e  o f  a u t o x i d a t i v e  i n j u r y  i n  t h e  tumour.
E x c e s s i v e  p r o d u c t i o n  o f  r e a c t i v e  s p e c i e s  i n  b i o l o g i c a l  t i s s u e s  has 
many c o n s eq u e n c e s  ( C h a p te r  1 ) ,  such as  t h e  i n a c t i v a t i o n  o f  s u l p h h y d r y l -  
d e p e n d e n t  p r o t e i n s ,  t h e  l o s s  o f  n i c o t i n a m i d e  and f l a v i n  c o - f a c t o r s ,  
d i s t u r b a n c e  o f  membrane p e r m e a b i l i t y ,  and damage to  c e l l  p r o t e i n s  and DNA 
(Freeman and Crapo,  1982; S ingh ,  1982) .  A d e n y l a t e  c y c l a s e  and phospho­
d i e s t e r a s e  a r e  s u l p h h y d r y  1-d e p e n d e n t  enzymes c o n c e r n e d  w i t h  t h e  r e g u l a t i o n  
o f  c y c l i c  AMP. Both enzymes have been r e p o r t e d  to  have  a b n o rm a l l y  low 
a c t i v i t i e s  i n  tumours  (Hocman, 1981) .  The c o n c e n t r a t i o n  o f  p y r i d i n e  
n u c l e o t i d e s  has  o b s e rv e d  to  be l e s s  in  m ur ine  tumours  t han  i n  c o m p a r a t iv e  
normal  t i s s u e s  ( G r e e n s t e i n ,  1956) .  S u b l e t h a l  a u t o x i d a t i v e  i n j u r y  might  
t h e r e f o r e  e x p l a i n  many o f  the  m o r p h o l o g i c a l  and b i o c h e m i c a l  abnorm­
a l i t i e s ,  documented f o r  Lewis lung c a rc in o m a  (and p o s s i b l y  o t h e r
n e o p la s m s ) .  I n  models f o r  c a n c e r ,  which m igh t  be a p p l i c a b l e  to  Lewis lung
c a rc in o m a ,  i t  has  been  p roposed  t h a t  a c o m p a r a t i v e  o v e r - p r o d u c t i o n  of
o x y g e n - d e r i v e d  r a d i c a l s  p r e v e n t s  d i f f e r e n t i a t i o n  and t h e r e b y  causes
n e o p l a s i a  ( O b e r l e y  e t  a l , 1981) .  The growth  o f  t h e  B16 melanoma has  been 
r e p o r t e d  to  be i n h i b i t e d  by a n t i o x i d a n t s ,  s u g g e s t i n g  t h a t  f r e e  r a d i c a l s  
m igh t  be i m p l i c a t e d  in  t h e  n e o p l a s t i c  c h a r a c t e r  o f  t h i s  tumour 
(N ordenbe rg  e t  a l , 1985) .
1^02  can f r e e l y  pe rm ea te  c e l l  membranes.  *0  ^ c an  a l s o  c r o s s  c e l l  
membranes,  where  i t  may be p r o t o n a t e d  t o  t h e  p e r h y d r o x y  r a d i c a l  (HO2 ) 
which i s  a  s t r o n g e r  o x i d a n t  t h a n  'O2 (Freeman and Crapo ,  1 9 8 2 ) .  Oxygen 
m e t a b o l i t e s ,  t h a t  have  e scaped  d e t o x i f i c a t i o n ,  p o s s i b l y  c o u ld  have  l ea k e d  
th ro u g h  t h e  plasma membranes o f  Lewis lu n g  c a rc in o m a s  i n t o  t h e  e x t r a ­
c e l l u l a r  f l u i d ,  which has  c o m p a r a t i v e l y  low c o n c e n t r a t i o n s  o f  SOD and
c a t a l a s e  (Del  M a es t ro  e t  a l , 1982) .  These r e a c t i v e  oxygen  s p e c i e s  might  
have  been  a b l e  to  to  i n i t i a t e  f u r t h e r  f r e e  r a d i c a l  r e a c t i o n s  to  deg rade  
e n d o t h e l i a l  c e l l  and basement  membranes. T h i s  h y p o t h e t i c a l  p r o c e s s  may 
a s s i s t  the  i n v a s i o n  o f  Lewis lung  ca rc inom a i n t o  t h e  s u r r o u n d i n g  h o s t  
t i s s u e s  and promote  t h e  i n t r a v a s a t i o n  o f  tumour c e l l s  i n t o  t h e  c i r c u ­
l a t i o n  o f  t h e  t u m o u r - b e a r i n g  mouse. M acro p h a g e -m ed ia te d  tumour c e l l  
d e s t r u c t i o n  h a s  been  r e p o r t e d  to  be i n h i b i t e d  by o x i d i z e d  plasma l i p o ­
p r o t e i n s  ( J u s t e m e n t  e t  a l , 1984) .  Leakage o f  a c t i v e  oxygen s p e c i e s  by 
Lewis lung ca rc in o m a s  m igh t  cause  o x i d a t i o n  o f  p lasma l i p o p r o t e i n s  which 
would i m p a i r  macrophage a c t i v i t y  and t h e r e b y  a i d  tumour i n v a s i o n .
Oxygen i n t e r m e d i a t e s  can c a u se  s t r a n d  s i s s i o n  and b a s e  m o d i f i c a t i o n
o f  DNA which may r e s u l t  i n  c e l l  d e a t h  o r  m u t a t i o n s  (Freeman and Crapo,  
1982; Moody and H assan ,  1982) .  An e x c e s s i v e  p r o d u c t i o n  o f  r e a c t i v e  oxygen 
s p e c i e s  would i n c r e a s e  the  f r e q u e n c y  o f  m u t a t i o n s  i n  r a p i d l y - d i v i d i n g  
t i s s u e  such as  Lewis lung  c a rc in o m a s ,  and migh t  be a c a u s e  o f  the 
h e t e r o g e n o u s  c e l l  c o m p o s i t i o n  o f  t h e  Lewis lung  ( S t a r a c e  e t  a l , 1982;
Takenaga ,  1984;  Zupi  e t  a l , 1984) .
A c t i v e  oxygen s p e c i e s  migh t  d i s t u r b  t h e  m e t a b o l i s m  o f  Lewis  lung 
ca rc inom a  due to  t h e i r  i n f l u e n c e  upon th e  s y n t h e s i s  o f  e i c o s a n o i d s  
( p r o s t a n o i d s ) .  OH* and have been  p o s t u l a t e d  to  be a b l e  to  c a u s e  the  
r e l e a s e  o f  a r a c h i d o n i c  a c i d  from the  c e l l  membrane, e i t h e r  th ro u g h
s t i m u l a t i o n  o f  p h o s p h o l i p a s e  A^ o r  a u t o x i d a t i v e  d i s r u p t i o n  o f  t h e
membrane (Del  M a es t ro  e t  a l , 1982) .  L i p id  h y d r o p e r o x i d e s ,  p a r t i c u l a r l y
t h o s e  o f  the  l i p o x y g e n a s e  pathway ,  s t i m u l a t e  c y c l o - o x y g e n a s e  a c t i v i t y  
(Hemler  and L a nds ,  1980 ) .  P r o s t a g l a n d i n s  G2 and t h e  i n i t i a l  p r o d u c t s
o f  t h e  c y c l o - o x y g e n a s e  pathway,  and 5 - h y d r o p e r o x y - e i c o s a t e t r a n o i c  a c i d ,  
t h e  f i r s t  p r o d u c t  o f  t h e  l i p o x y g e n a s e  pa th w ay ,  a r e  a l l  h y d r o p e r o x i d e  
forms o f  a r a c h i d o n i c  a c i d  ( P a r a n t a i n e n ,  1982 ) .  L i p i d  p e r o x i d a t i o n  
r e a c t i o n s  i n  Lewis lung  ca rc in om a could t h u s  have  r e s u l t e d  i n  t h e
u u s n e u u le u  b y u t n e s i a  ujl p r o a L a u u i u s ,  wuj-uu uiigiiL n u  jLueuce l u i u u u i  growtn  
and p r o g r e s s i o n  ( D r o l l e r ,  1981) .  Mice,  b e a r i n g  Lewis lung  c a rc in o m a s ,  
have  be e n  o b s e rv e d  to  have  e l e v a t e d  c o n c e n t r a t i o n s  o f  p r o s t a g l a n d i n  E in  
t h e i r  s e r a ,  and Lewis lung  c e l l s  i n  c u l t u r e  were found to  p roduce  
c o n s i d e r a b l e  amounts o f  p r o s t a g l a n d i n  E (Young and K n ie s ,  1984) .  The 
s e r a i  p r o s t a g l a n d i n  E o f  mice  b e a r i n g  Lewis lung  ca rc in o m a s  was p r o b a b l y  
o f  tumour o r i g i n  (Young and K n ie s ,  1984) .
The p a t t e r n  o f  a n t i o x i d a n t  d e f e n c e  and f r e e  r a d i c a l  g e n e r a t i o n  cou ld  
a l s o  i n f l u e n c e  th e  d i s t r i b u t i o n  o f  a r a c h i d o n i c  a c i d  m e t a b o l i t e s  i n  Lewis 
lung  c a r c in o m a s .  The i s o m e r a s e s  t h a t  c a t a l y z e  t h e  s y n t h e s i s  o f  p r o s t a ­
g l a n d i n s  E2 and D2 a r e  p o s s i b l y  GSH S - t r a n s f e r a s e s  ( P a r a n t a i n e n ,  1982) .
As Lewis  lung  c a rc inom a  was d e r i v e d  from pulmonary  t i s s u e ,  a s i g n i f i c a n t  
l i p o x y g e n a s e  pathway migh t  have  be e n  p r e s e n t  ( P a r a n t a i n e n ,  1982) .  Leuko-  
t r i e n e  C, which i s  r e p o r t e d  to  be p roduced  by GSH c o n j u g a t i o n ,  can be
f u r t h e r  m e t a b o l i z e d  to  l e u k o t r i e n e  D, one o f  t h e  s l o w - r e a c t i n g  s u b s t a n c e s  
a s s o c i a t e d  w i t h  b r o n c h i a l  a n a p h y l a x i s ,  i n  a r e a c t i o n  c a t a l y z e d  by 
' / “ g l u t a m y l  t r a n s p e p t i d a s e .  As the  o b s e rv e d  a c t i v i t y  o f  G S H - t r a n s f e r a s e  o f  
Lewis lung  ca rc inom a  was c o m p a r a t i v e l y  pronounced  whereas  t h a t  o f  
' / “ g l u t a m y l  t r a n s p e p t i d a s e  was c o m p a r a t i v e l y  low,  t h e  r e a c t i o n s  o f  the  
e i c o s a n o i d  c a s c a d e  c ou ld  p o s s i b l y  have  f a v o u r e d  the  s y n t h e s e s  o f  p r o s t a ­
g l a n d i n s  E2 and D2 and l e u k o t r i e n e  C, b u t  n o t  l e u k o t r i e n e  D. GSH 
p e r o x i d a s e  may be i n v o lv e d  i n  t h e  p r o d u c t i o n  o f  p r o s t a c y c l i n  
( P a r a n t a i n e n ,  1982) ,  and w i th  t h e  c o n v e r s i o n  o f  h y d r o p e r o x y  e i c o s a -  
t e t r a n o i c  a c i d s  (HPETE) to  hydroxy  e i c o s a t e t r a n o i c  a c i d s  (HETE; B ryan t  
and B a i l e y ,  1980 ) .  The r e l a t i v e l y  low GSH p e r o x i d a s e  a c t i v i t y  o f  c y t o s o l  
f rom Lewis  lung  c a rc in o m a  may w e l l  have  i n f l u e n c e d  p r o s t a c y c l i n  and HETE 
p r o d u c t i o n  by t h e  tumour.  The r e d u c t i o n s  o f  15-HPETE and 12-HPETE, and 
o f  p r o s t a g l a n d i n  G2 to  p r o s t a g l a n d i n  H2 g e n e r a t e  a c t i v e  oxygen s p e c i e s
t h a t  s e l e c t i v e l y  i n h i b i t  t h e  s y n t h e s i s  o f  p r o s t a c y c l i n  (Ham e t  a l , 1979) .
Thromboxane f o r m a t i o n  has  been  r e p o r t e d  to  be u n a f f e c t e d  by f r e e  r a d i c a l
r e a c t i o n s  o f  t h e  e i c o s a n o i d  c a s c a d e  ( P a r a n t a i n e n ,  1982 ) .  A u t o x i d a t i o n  o f  
t h e  c e l l u l a r  membranes o f  Lewis lung c a rc in o m a  would t h u s  promote the  
s y n t h e s i s  o f  thromboxane ,  and p o s s i b l y  o t h e r  r a d i c a l  i n s e n s i t i v e  pathways 
o f  t h e  e i c o s a n o i d  c a s c a d e ,  b u t  s u p p r e s s  t h e  p r o d u c t i o n  o f  p r o s t a c y c l i n .
The r e a c t i o n s  o f  b lood  c o a g u l a t i o n  may s h a r e  some common mechanisms 
w i t h  f a c t o r s  p rom o t ing  tumour growth  and d i s s e m i n a t i o n  ( Z a c h a r s k i ,  1983) .  
The Lewis  lung  ca rc inom a  i s  p r o b a b l y  t h e  most s t u d i e d  model  of  t h e
r e l a t i o n s h i p  be tw een  tumour c e l l  m e t a s t a s i s  and t h e  c l o t t i n g  mechanism 
( Z a c h a r s k i ,  1983) .  Lewis lung  ca rc inom a  c e l l s  f rom s u b c u t a n e o u s l y -  
i m p l a n t e d  tumours have  been  obse rved  to  i n d u c e  p l a t e l e t  a g g r e g a t i o n  i n  
v i t r o  (M en te r  e t  a l , 1984) ,  and i n  v iv o  ( D o n a t i  e t  a l , 1981) .  I t  has  been
proposed  t h a t  t h e  v a s c u l a r  e n d o th e l iu m  p r o d u c e s  p r o s t a c y c l i n  to  impede
m e t a s t a s i s  by d i s s e m i n a t e d  tumour c e l l s  (Honn e_t a l ,  1983a ) .  The 
f o r m a t i o n  o f  a r t i f i c i a l  pulmonary m e t a s t a t i c  f o c i  i n  mice  i n j e c t e d  
i n t r a v e n o u s l y  w i th  Lewis l u n g c a r c i n o m a  c e l l s  h a s  been  r e p o r t e d  to  be 
i m p a i r e d  by p r o s t a c y c l i n ,  p r o s t a c y c l i n  e n h a n c e r s  o r  by th romboxane 
i n h i b i t o r s  (Honn e t  a l , 1981;  D ona t i  e t  a l , 1 9 8 2 ) .  O t h e r  w o r k e rs  have 
been  u n a b l e  to  show any e f f e c t  o f  p r o s t a c y c l i n  upon the  d eve lopm en t  o f  
m e t a s t a t i c  d e p o s i t s ,  a f t e r  i / v  i n j e c t i o n  o f  Lewis  lung  tumour c e l l s  
( K a r p a t k i n  e t  a l , 1984) .  The p r o s t a c y c l i n  p o t e n t i a t i n g  a g e n t s ,  n a f a z a t r o m  
and t i c l o p i d i n e  have  been  r e p o r t e d  to  d e c r e a s e  pulmonary  m e t a s t a s i s  in  
mice b e a r i n g  Lewis lung  ca rc inom as  (Kohga e t  a l , 1981; Honn e t  a l , 
1983b) .  O t h e r  s t u d i e s  o f  mice b e a r i n g  Lewis  lung  c a r c i n o m a s ,  however  have  
d e m o n s t r a t e d  t h a t  p r o s t a g l a n d i n  s y n t h e t a s e  i n h i b i t o r s  have  no s i g n i f i c a n t  
e f f e c t  upon pulmonary m e t a s t a s i s  ( H i l g a r d  e t  a l , 1976; D o n a t i  e t  a l ,
1982) .  T hese  d i s c r e p a n c i e s  m igh t  have r e s u l t e d  from t h e  u s e  o f  c a rc inom a  
c e l l s ,  t a k e n  from an i m p la n te d  tumour,  by t h e  i n v e s t i g a t o r s  who have
d e m o n s t r a t e d  an i n h i b i t o r y  a c t i o n  o f  p r o s t a c y c l i n  and p r o s t a c y c l i n  
p o t e n t i a t o r s  ( K a r p a t k i n  e t  a l , 1984);  t h o s e  e x p e r i m e n t s  g i v i n g  a p p a r e n t l y  
c o n t r a d i c t o r y  r e s u l t s ,  employed Lewis lung  c a r c in o m a  c e l l s  t h a t  .had b e e n
m a i n t a i n e d  Dy t i s s u e  c u l t u r e .  m e  p r e s e n t  s t u d i e s  nave  ae raons t raced  
d i f f e r e n c e s  i n  t h e  a n t i o x i d a n t  d e f e n c e  a c t i v i t i e s  be tw een  Lewis  lung 
c a rc inom a  c e l l s  f rom i n  v i v o  and i n  v i t r o  s y s t e m s ,  which  m igh t  have 
caused  changes  i n  t h e  p a t t e r n  o f  p r o s t a n o i d  g e n e r a t i o n .  I f  t h e  p r o d u c t i o n  
o f  e i c o s a n o i d s  by Lewis lung  c a rc inom as  were s u b s t a n t i a l l y  more due to  
a u t o x i d a t i o n  th a n  e n z y m e -c a t a l y z e d  o x i d a t i o n  o f  a r a c h i d o n i c  a c i d ,  
p r o s t a g l a n d i n  s y n t h e t a s e  ( c y c l o - o x y g e n a s e )  i n h i b i t o r s  m ig h t  n o t  have  any 
s i g n i f i c a n t  e f f e c t  upon p r o s t a n o i d - l i n k e d  p r o c e s s e s ,  such  as  m e t a s t a s i s .
As th e  e i c o s a n o i d  c a s c a d e  i n v o l v e s  l i p i d  h y d r o p e r o x i d e  i n t e r ­
m e d i a t e s ,  t h e  m a l o n d ia l d e h y d e  d e t e r m i n e d  in  Lewis lu n g  c a r c in o m a  t i s s u e ,  
u s i n g  t h e  TBA t e s t ,  m igh t  have  been  th e  breakdown p r o d u c t  o f  
e n z y m i c a l l y - m e d i a t e d  p r o s t a n o i d  s y n t h e s i s ,  and n o t  t h e  p r o d u c t  o f  
g e n e r a l i z e d  l i p i d  p e r o x i d a t i o n .  M a lo n d ia ld e h y d e  has  been  r e g a r d e d  to  be a 
b y - p r o d u c t  p r i m a r i l y  o f  thromboxane g e n e r a t i o n  ( P a r a n t a i n e n ,  1982) .  
P r o s t a g l a n d i n  c o n c e n t r a t i o n s  o f  r a t  mammary ade n o ca rc in o m as  have  been  
o b s e rv e d  to  be g r e a t e r  t han  t h o s e  o f  normal  t i s s u e s  (K a rm a l i  e t  a l , 
1983) .  C o n c e n t r a t i o n s  o f  th romboxanes and o t h e r  p r o s t a n o i d s  were,  
however ,  g r e a t e r  t h a n  c ou ld  be a c c o u n te d  by p r o s t a g l a n d i n  s y n t h e t a s e  
a c t i v i t y  (Karm a li  e t  a l , 1983) .  The r a t  mammary ca rc inom a  m igh t  t hus  have  
been  a  tumour model i n  which a s i g n i f i c a n t  p r o p o r t i o n  o f  e i c o s a n o i d  
p r o d u c t i o n  was c aused  by a u t o x i d a t i o n .
P r o s t a g l a n d i n s  o f  t h e  E s e r i e s ,  and p r o s t a c y c l i n  have  c y t o p r o t e c t i v e  
a c t i v i t i e s  and have  been  o bse rve d  to  r e v e r s e  c e l l u l a r  d e g e n e r a t i o n  
( P a r a n t a i n e n ,  1982) .  P r o s t a g l a n d i n  E^ has  be e n  r e p o r t e d  t o  be a 
s i g n i f i c a n t  immune s u p p r e s s a n t ,  i n  Lewis lung  c a r c i n o m a - b e a r i n g  mice 
(Young and Hoover ,  1986; C h a p t e r  5 ) .  P r o s t a g l a n d i n s  o f  t h e  F s e r i e s  have  
been  r e p o r t e d  to  have  c o n s i d e r a b l e  growth  f a c t o r  a c t i v i t y  (Arraato and 
A n d r e i s ,  1983) .  P r o s t a c y c l i n  and p r o s t a g l a n d i n s  o f  D and E s e r i e s  have  
been  r e p o r t e d  to  s t i m u l a t e  c y c l i c  AMP p r o d u c t i o n  (Hammarstrom, 1 9 8 2 ) .  The
(Hammarstrora, 1982) .  It has been reported that prostacyclin concentration 
is less in Lewis lung carcinoma than in normal pulmonary tissue (Donati 
et al , 1981 ) .  Other workers have not been able to detect prostacyclin in 
Lewis lung carcinoma (Honn et al, 1983b) .  Thromboxane concentrations 
in Lewis lung carcinoma have been reported to be greater than that of 
murine lung (Chiabrando et al, 1985) .  The balance of eicosanoid synthesis 
possibly favouring prostaglandin E and thromboxane, might have had 
substantial influence upon the metabolism, and thereby growth and 
dissemination of Lewis lung carcinomas.
Much o f  t h e  p r o s t a g l a n d i n  e x t r a c t e d  from tumours  may r e f l e c t  the  
a c t i v i t y  o f  h o s t  s t r o m a l  and in f l a m m a to r y  c e l l s ,  p a r t i c u l a r l y  m acrophages  
( B e n n e t t  e t  a l , 1980) .  F u t u r e  s t u d i e s  o f  p r o s t a n o i d  m e t a b o l i s m  i n  Lewis 
lung  ca rc in o m a s  s hou ld  t h e r e f o r e  use  o n ly  s i n g l e  c e l l  p o p u l a t i o n s  o f  
n e o p l a s t i c  c e l l s ,  s e p a r a t e d  from the  carcimoma.  R e s e a r c h , i s  w a r r a n t e d  to  
e l u c i d a t e  the  r e l a t i o n s h i p s  be tw een  a n t i o x i d a n t  d e f e n c e ,  f r e e  r a d i c a l
g e n e r a t i o n  and e i c o s a n o i d  p r o d u c t i o n  upon th e  growth  and d i s s e m i n a t i o n  o f  
Lewis lung  c a rc in o m a s ,  and o f  o t h e r  tumour m odels .
A n t i tu m o u r  t h e r a p y :  The p r e s e n t  s t u d i e s  have been  g r e a t l y  c o n c e r n e d  w i t h
the  m e t a b o l i s m  o f  GSH i n  Lewis lung c a r c in o m a s ,  b e c a u s e  o f  t h e  i m p o r t a n c e  
o f  GSH i n  t h e  d e t o x i f i c a t i o n  o f  r e a c t i v e  oxygen s p e c i e s  and p e r o x i d e s .  
GSH, as  the  most  i m p o r t a n t  n o n - p r o t e i n  s u l p h h y d r y l  c o n s t i t u e n t ,  h a s  a 
m a jo r  r o l e  i n  t h e  m e t a b o l i c  p r o c e s s e s  o f  most  mammalian c e l l s  ( M e i s t e r  
and Anderson ,  1983) .  The m a n i p u l a t i o n  o f  t h e  GSH c o n c e n t r a t i o n  o f  Lewis
lung  ca rc inom a s  m igh t  t h e r e f o r e  have p ro found  c o n s eq u e n c e s  upon th e
p r o g r e s s  o f  the  tumour and i t s  r e s i s t a n c e  to  a n t i c a n c e r  t h e r a p y .
D e c r e a s i n g  th e  GSH c o n c e n t r a t i o n  o f  Lewis lung  ca rc inom a  c e l l s  would 
p r o b a b l y  i n c r e a s e  t h e i r  s e n s i t i v i t y  to  l y s i s  by r e a c t i v e  oxygen s p e c i e s ,  
p roduced  by i n v a s i v e  macrophages ( A r r i c k  e t  a l , 1982) .  D e p l e t i n g  c e l l u l a r
GSH has been reported to cause a compensatory increase in prostacyclin 
production (Rouzer et al, . 1982) .  A change in GSH concentration might 
therefore alter the pattern of eicosanoid synthesis in Lewis lung 
carcinomas and thereby affect tumour metabolism. The increased autox­
idation caused by a lower GSH concentration, may however promote the 
synthesis of thromboxane which could increase metastasis of Lewis lung 
carcinoma cells (Honn et al, 1983a ) .
I n c r e a s i n g  the  GSH c o n c e n t r a t i o n  o f  Lewis lung  ca rc inom a  i s  t h o u g h t
to  f a v o u r  the  p r o d u c t i o n  o f  the  s t a b l e ,  " c l a s s i c a l "  p r o s t a g l a n d i n s ,  PGD^,
PGE^ and PGF q^, (K arm a l i  e t  a l , 1983) ,  which  tend  to  have  c y t o p r o t e c t i v e  
e f f e c t s  upon c e l l s  ( P a r a n t a i n e n ,  1982) .  The n e o p l a s t i c  c h a r a c t e r  o f  Lewis 
lung  c a rc inom a  p o s s i b l y  r e s u l t e d  d i r e c t l y  f rom p o o r l y  r e g u l a t e d  f r e e -  
r a d i c a l  p r o d u c t i o n  ( s e e  e a r l i e r ) .  The s u p p l e m e n t a t i o n  o f  GSH, and o t h e r  
a n t i o x i d a n t s ,  m igh t  t h e r e f o r e  r e v e r s e  t h e  b i o c h e m i c a l  a b n o r m a l i t i e s  o f  
Lewis lung  ca rc inom a  and t h e r e b y  promote d i f f e r e n t i a t i o n .  A d m i n i s t r a t i o n  
o f  GSH has been  r e p o r t e d  to  c a u se  r e g r e s s i o n  o f  a f l a t o x i n  B ^ - in d u c e d  r a t  
hepa tomas  (Novi ,  1983) .  O th e r  w o r k e r s ,  however ,  have  no t  s u c ce e d e d  i n  
d e m o n s t r a t i n g  any s i g n i f i c a n t  e f f e c t  o f  GSH upon a f l a t o x i n  B ^ - in d u c e d  o r  
3 ' - m e t h y 1 - 4 - d i m e t h y l — am inoa zobe nz e ne - induce d  n e o p l a s t i c  l e s i o n s  o f  r a t  
l i v e r  (Nea l  and Legg,  1983; Cook e t  a l , 1984) .  O t h e r  a n t i o x i d a n t s ,  such  
as  v i t a m i n  C (Cameron e t  a l , 1979) ,  v i t a m i n  A ( O b e r l e y  and B e u t t n e r ,
1979)  and s e l e n i u m  ( M i l n e r ,  1984)  have  been  r e p o r t e d  to  s lo w  t h e  g rowth
o f  a n im a l  tumours  and human c a n c e r s .  The OH* s c a v e n g e r ,  d i m e t h y l  
t h i o u r e a ,  has  been  obse rved  to  in d u ce  c e l l  d i f f e r e n t i a t i o n  and i n h i b i t  
tumour g rowth  o f  B16 melanomas (Nordenberg e t  a l , 1985) .  A d m i n i s t r a t i o n  
o f  v i t a m i n  E has  been  obse rved  to  c a u se  n e u r o b l a s t o m a  c e l l s ,  i n  c u l t u r e ,  
t o  d i f f e r e n t i a t e  ( P r a s a d  e t  a l , 1979) .
GSH is involved in the detoxification and repair of cellular injury 
caused by radiation, hyperthermia and many anticancer drugs (Arrick and
N athan ,  1984; Russo e t  a l , 1984) .  A p o s s i b l y  more s u b t l e  s t r a t a g e m  f o r  
the  a n t i n e o p l a s t i c  t h e r a p y  o f  Lewis  lung  ca rc inom a  m igh t  be to  d e p l e t e  
GSH as  an a d j u v a n t  to  o t h e r  s u i t a b l e  c y t o t o x i c  r e g im e n s .  I n h i b i t i o n  o f  
GSH s y n t h e s i s  o f  m ur ine  tumour c e l l s ,  has  be e n  r e p o r t e d  to  c o n s i d e r a b l y  
enhance  t h e i r  s e n s i t i v i t y  to  e n z y m i c a l l y - g e n e r a t e d  ^ ^ 2  (N a than  e t  a l , 
1980) and to  s u lp h h y d r y l - r e a c t iv e  a n t i c a n c e r  d ru g s  ( A r r i c k  e t  a l , 1983) .  
I n  t h e  p r e s e n t  s t u d i e s ,  i t  was o b s e rv e d  t h a t  t i s s u e  from t h e  c e n t r a l ,  
a p p a r e n t l y  hyp o x ic  r e g i o n ,  o f  Lewis lung c a rc in o m a ,  had g r e a t e r  GSH 
c o n c e n t r a t i o n  th a n  the  p e r i p h e r a l  r e g i o n  o f  the  tumour.  The s u r v i v a l  o f  
c e l l  p o p u l a t i o n s  i n  Lewis lung ca rc in om as  a f t e r  i r r a d i a t i o n  ( S t e p h e n s  e^ t 
a l , 1984)  and a f t e r  d rug  t h e r a p y  (S te p h e n s  e t  a l , 1978)  m igh t  have  been 
p a r t l y  due to  t h e  r e l a t i v e l y  g r e a t e r  GSH c o n c e n t r a t i o n  o f  some Lewis  lung 
tumour c e l l s .  I t  has  been  r e p o r t e d  t h a t  n i t r o i m i d a z o l e  r a d i o s e n s i t i z e r s ,  
such as  m i s o n i d a z o l e , can cause  s i g n i f i c a n t  l o s s  o f  GSH from hypox ic  
c e l l s  ( H a l l  e t  a l , 1982) .  D e p l e t i o n  o f  GSH has  been  shown to  s e n s i t i z e  
hypox ic  tumour c e l l s  to  the  c y t o t o x i c  e f f e c t s  o f  m i s o n i d a z o l e  (Bump j^t 
a l , 1982; C l a r k  e t  a l , 1984) .  D e c r e a s i n g  t h e  GSH c o n c e n t r a t i o n  o f  Lewis 
lung  c a rc inom as  might  t h e r e f o r e  i n c r e a s e  t h e  e f f i c a c y  o f  many c a n c e r  
reg im ens  a g a i n s t  b o th  a e r a t e d  and hypox ic  c e l l s .
The GSH c o n c e n t r a t i o n  o f  Lewis lung  c a rc inom as  may be d e c r e a s e d  
u s i n g  the  'y- 8 l utamy ^ c y s t e ^ne s y n t h e t a s e  i n h i b i t o r ,  b u t h i o n i n e  
s u lp h o x im in e  (BSO; M e i s t e r ,  1983) .  The u se  o f  BSO would p r o b a b l y  be most  
e f f e c t i v e ,  i f  a d m i n i s t e r e d  b e f o r e  17 days  a f t e r  tumour i m p l a n t a t i o n ,  
when /y--gl.ut:aniy l  s y n t h e t a s e  a c t i v i t y  o f  Lewis lung  c a r c in o m a  was
d e t e r m i n e d  to  be c o m p a r a t i v e l y  low. As Lewis lung  c a rc in o m a s  were
ob s e rv e d  to  have  a p p r e c i a b l e  GSSG r e d u c t a s e  a c t i v i t y ,  GSH c o n c e n t r a t i o n  
migh t  be d e p l e t e d  by a d m i n i s t r a t i o n  o f  n i t r o s o u r e a s ,  a g roup  o f  compounds 
which i n h i b i t  t h i s  enzyme (Babson and Reed,  1978) .  BCNU ( 1 , 3 - b i s  [2-
c h l o r o e t h y l ] - l - n i t r o s o u r e a ;  c a r m u s t i n e ) ,  a p o t e n t  i n h i b i t o r  o f  GSSG 
r e d u c t a s e ,  has  been  r e p o r t e d  to  l i m i t  t h e  growth o f  Lewis  lung
c a r c in o m a s ,  though n o t  as  e f f e c t i v e l y  as  a r e l a t e d  compound, methyl-CCNU 
( 1 - [ 2 - c h l o r o e t h y l ] - 3 [ 4 - m e t h y l c y c l o h e x y l ] - l - n i t r o s o u r e a ;  s e m u s t i n e ;  Mayo, 
1972) .  BCNU has  been  d e m o n s t r a t e d  to  c a use  s e v e r e  g e n e r a l i z e d  i n h i b i t i o n  
o f  GSSG r e d u c t a s e  a c t i v i t y  i n  c a n c e r  p a t i e n t s  ( F r i s c h e r  and Ahmad, 1977) .  
The e f f e c t i v e n e s s  o f  BCNU m igh t  t h e r e f o r e  have  been  l i m i t e d  by i t s  
t o x i c i t y  to  normal  t i s s u e s .  Methyl-CCNU co u ld  p o s s i b l y  have been  s e l e c t ­
i v e l y  m e t a b o l i z e d  by Lewis lung  c a rc in o m a ,  b u t  n o t  s i g n i f i c a n t l y  by 
normal  t i s s u e s ,  to  i t s  a c t i v e  c y c l o h e x y l  i s o c y a n i d e  form (Babson and 
Reed, 1978 ) .  Cyc lophosphamide ,  a n i t r o g e n  m u s ta rd  a n t i c a n c e r  d r u g ,  has  
been  d e m o n s t r a t e d  to  cause  a s i g n i f i c a n t  d e p l e t i o n  o f  h e p a t i c  n o n - p r o t e i n  
s u l p h h y d r y l s , p r i m a r i l y  GSH, i n  mice (Gur too e t  a l , 1981) .  Methyl-CCNU 
and c yc lophospham ide  have been  r e p o r t e d  to  a c t  s y n e r g i s t i c a l l y  i n  c a u s i n g  
r e g r e s s i o n  o f  Lewis lung c a rc in o m a s  (Mayo e t  a l , 1972) .  Th i s  e f f e c t  was 
p o s s i b l y  m e d ia te d  by a d e c r e a s e  in  GSH, and may w e l l  be p r e l i m i n a r y  
e v id e n c e  t h a t  the  s t r a t a g e m  o f  d e c r e a s i n g  the  GSH c o n c e n t r a t i o n  o f  t h e  
Lewis lung  ca rc inom a  cou ld  i n c r e a s e  the  e f f i c a c y  o f  some a n t i c a n c e r  
r e g i m e n s .
The a d m i n i s t r a t i o n  o f  s u i t a b l e  s u b s t r a t e s ,  such as p h o r o n e ,  f o r  
c o n j u g a t i o n  to  GSH, might  be a means to  d e c r e a s e  t h e  GSH c o n c e n t r a t i o n  o f  
Lewis lung  c a rc in o m a ,  as i t  was o b s e rv e d  to  have a p ronounced  GSH S-  
ep o x id e  t r a n s f e r a s e  a c t i v i t y .  GSH, c o n j u g a t e d  to  an e p o x id e  would 
p r o b a b l y  be i r r e v e r s i b l y  l o s t  b e c au s e  the  tumour was o b s e rv e d  to  have  
c o m p a r a t i v e l y  low 'y~glutamy l  t r a n s p e p t i d a s e  a c t i v i t y .
I t  m igh t  be p o s s i b l e  to  i n c r e a s e  t h e  GSH c o n c e n t r a t i o n  o f  Lewis  lung  
ca rc in o m a s  by o r a l  a d m i n i s t r a t i o n  o f  c y s t e i n e  o r  m e t h i o n i n e  ( M e i s t e r ,  
1983) .  C y s t e i n e  i s  however  r a p i d l y  m e t a b o l i z e d  and may be t o x i c  ( M e i s t e r ,
1983) .  I t  has  been r e p o r t e d  t h a t  the  i n j e c t i o n  o f  L - 2 - o x o t h i a z o l i d i n e - 4 -  
c a r b o x y l a t e  (OTZ) to  r a i s e  murine  t i s s u e  c o n c e n t r a t i o n s  o f  GSH 
(W i l l i am s o n  e t  a l , 1982) .  OTZ i s  c o n v e r t e d  to  L - c y s t e i n e  i n  a r e a c t i o n
c a t a l y s e d  by 5 - o x o - L - p r o l i n a s e ,  an enzyme found i n  a lm o s t  a l l  t i s s u e s  
( W i l l i a m s o n  e t  a l , 1982) .  I t  migh t  thus  be u s e f u l  t o  d e t e r m i n e  5 - oxo -L -  
p r o l i n a s e  a c t i v i t i e s  o f  Lewis lung  c a rc in o m a ,  and o t h e r  tumour m ode l s .  I f  
the  a c t i v i t y  o f  t h i s  enzyme were c o m p a r a t i v e l y  low i n  n e o p l a s t i c  t i s s u e s ,  
the  a d m i n i s t r a t i o n  o f  OTZ may a f f o r d  p r o t e c t i o n  o f  n o n - n e o p l a s t i c  
t i s s u e s ,  b u t  n o t  n e o p l a s t i c  t i s s u e s ,  d u r i n g  s u l p h h y d r y l - d e p l e t i n g  a n t i ­
c a n c e r  t h e r a p y .  OZT has  been  r e p o r t e d  to  p r o t e c t  normal  human lung 
f i b r o b l a s t s ,  b u t  n o t  lung  adenoma c e l l s  f rom the  c y o t o x i c  e f f e c t s  o f  the  
a n t i c a n c e r  d r u g ,  n e o c a r z i n o s t a t i n  (Russo e t  a l , 1986) .
I t  has  been shown t h a t  t r e a t m e n t  o f  mice ,  b e a r i n g  Lewis lung 
ca rc inom a s  w i th  p h e n y l t h i o e t h y l a m i n e ,  an i n h i b i t o r  o f  SOD a c t i v i t y  
i n c r e a s e s  the  s u r v i v a l  t ime o f  t h e s e  an im a ls  ( D i s t e p h a n o  e t  a l , 1983) .  
The s e n s i t i v i t y  o f  Lewis lung ca rc in om a to  r e a c t i v e  oxygen s p e c i e s  m ig h t  
thus  be i n c r e a s e d  a f t e r  a d m i n i s t r a t i o n  o f  SOD i n h i b i t o r s ,  such as 
p h e n y l t h i o e t h y l a m i n e .
The d e p l e t i o n  o f  GSH c o n c e n t r a t i o n  o f  Lewis lung  c a rc in o m a s  may 
w a r r a n t  a n t i c a n c e r  t h e r a p y  t h a t  i n v o l v e s  p r o d u c t i o n  o f  r e a c t i v e  oxygen 
s p e c i e s .  The e f f e c t i v e n e s s  o f  ^£^2 as  an a n t i c a n c e r  a g e n t  has  been  
r e p o r t e d  to  be c o m p a r a t i v e l y  l i m i t e d  (Holman, 1957;  Green and W es t rop ,  
1958; S u g i u r a ,  1958;  Mealey ,  1965) ,  p r o b a b l y  due to  i t s  r a p i d  m e ta b o l i s m  
and i t s  t o x i c i t y  to  normal  t i s s u e s .  R e a c t i v e  oxygen s p e c i e s  a r e  an 
i m p o r t a n t  agency  by which a c t i v a t e d  i n f l a m m a to r y  c e l l s  o f  t h e  immune 
sys tem  d e s t r o y  tumour c e l l s  (Del  M aes t ro  e t  a l , 1980;  Na than  and Cohn, 
1981; Weiss and LoB ug l io ,  1982) .  I t  migh t  t h e r e f o r e  be a p p r o p r i a t e  to  u se  
v a r i o u s  means,  such as  i r r a d i a t i o n ,  to  t a r g e t  a c t i v e  oxygen  t o  GSH- 
d e p l e t e d  Lewis lung  c a rc inom a .  P e r o x i d a s e  enzymes o r  f r e e - r a d i c a l  
p r o d u c in g  d ru g s  m igh t  be l i n k e d  to  a m onoclona l  a n t i b o d y  s p e c i f i c  f o r  
Lewis lung  ca rc inom a  ( C o l l i e r  and Kaplan ,  1984; Hadas e t  a l , 1984) .  
Albumin m i c r o s p h e r e s ,  c o n t a i n i n g  the  a n t i c a n c e r  d ru g  d o x o r u b i c i n
( a d r i a m y c i n ) , have  been  m a g n e t i c a l l y  d i r e c t e d  on to  Y osh ida  sa rcom as ,  
b o rn e  by r a t s :  t h i s  p r o c e d u r e  has  been  o b s e rv e d  to  c a u s e  t o t a l  r e m i s s i o n s  
o f  t h e  tumours  (Widder  e t  a l , 1983) .  M a g n e t i c a l l y - t a r g e t e d  m i c r o s p h e r e s  
migh t  be used  to  d e l i v e r  an o x y g e n - r a d i c a l  p r o d u c i n g  t o x i c a n t  t o  Lewis 
lung  c a rc in o m a s .  The t o x i c i t y  o f  a c t i v e  oxygen m e t a b o l i t e s  o f  t h e  drug 
c o u ld  p o s s i b l y  be a m p l i f i e d  by c a t a l y s i s ,  c aused  by th e  i r o n  o x ide  
i n c o r p o r a t e d  i n t o  t h e  a lb um in  m i c r o s p h e r e s .
^ 2^ 2 J 8e n e ra te c * e n z y m i c a l l y  i n  s i t u , i s  p r o b a b l y  l e s s  t o x i c  t o  the  
t u m o u r - b e a r i n g  h o s t  than  t h e  s y s t e m ic  i n j e c t i o n  o f  p re fo rm e d  p e r o x i d e  
(Na than  and Cohn, 1981) .  Mice,  b e a r i n g  Lewis lung  c a r c i n o m a s ,  cou ld  
p o s s i b l y  be g i v e n  an i n f u s i o n  o f  g l u c o s e ,  and t h e n  i n j e c t e d  w i t h  g l u c o s e  
o x i d a s e ,  a t t a c h e d  to  p o l y s t y r e n e  m i c r o s p h e r e s  ( o r  t h e  a lbum in  m ic r o ­
s p h e r e s  d e s c r i b e d  a b o v e ) ,  which would t h e n  g e n e r a t e  Th is  p e r o x i d e -
d e l i v e r y  sy s tem  has  been  r e p o r t e d  to  have s e l e c t i v e  t o x i c i t y  towards  
n e o p l a s t i c  c e l l s  (Na than  and Cohn, 1981) .  A n t i c a n c e r  r eg im ens  t h a t  
g e n e r a t e  a c t i v e  oxygen s p e c i e s ,  m igh t  a l s o  be s i g n i f i c a n t l y  improved by 
i n c r e a s i n g  the  o x y g e n a t i o n  o f  t h e  tumour,  u s i n g  p e r f l u r o c h e m i c a l  e m u l s io n  
and h y p e r b a r i c  oxygen ( T e i c h e r  and Rose,  1984; see  e a r l i e r ) .
The d e t e r m i n a t i o n  o f  t h e  a c t i v i t i e s  o f  a n t i o x i d a n t  d e f e n c e  enzymes 
and p r i n c i p a l  a n t i o x i d a n t  c o n s t i t u e n t s  o f  tumours  may t h u s  be  u s e f u l  i n  
c h o o s in g  the  most  s u i t a b l e  s t r a t a g e m s  to  t r e a t  c a n c e r .  The p r e s e n t  
s t u d i e s  have i n d i c a t e d  t h a t  the  p r e s e n c e  o f  a tumour can p e r t u r b  the  
a n t i o x i d a n t  d e f e n c e  sys tem s  o f  normal  t i s s u e s  i n  t h e  h o s t ,  and t h e s e  
im p a i rm en t s  must  a l s o  be c o n s i d e r e d .
The Sys tem ic  A c t i o n s  o f  t h e  Lewis Lung Carcinoma
Cancer  p a t i e n t s  and t u m o u r - b e a r i n g  a n im a ls  s u f f e r  f rom p ronounced  
d e g e n e r a t i v e  changes  i n  t h e i r  n o n - n e o p l a s t i c  t i s s u e s  which  may r e s u l t  in  
c a c h e x i a  (C h a p te r  3 ) .  These  d i s t u r b a n c e s  c a n n o t  n o t  be a d e q u a t e l y
i n t e r p r e t e d  as  b e i n g  ca use d  by s t r e s s ,  by an a l t e r a t i o n  i n  n u t r i t i o n a l  
s t a t e ,  o r  by a c t i v a t i o n  o f  t h e  h o s t  immune s y s te m  ( C o s t a ,  1977;
G r e e n g a rd ,  1979) .  The p h y s i c a l  d e t e r i o r a t i o n  o f  c a n c e r  p a t i e n t s  and 
t u m o u r - b e a r i n g  a n im a ls  has  been  a t t r i b u t e d  to  b i o c h e m i c a l  p e r t u r b a t i o n s  
m e d ia te d  by as  y e t  unknown s u b s t a n c e s ,  r e l e a s e d  to  t h e  c i r c u l a t i o n  by 
tumours  ( C o s t a ,  1977) .
E xpe r im en t s  u s i n g  p a r a b i o t i c  a n im a l s :  P a r a b i o t i c  " t w i n s "  a r e  a r t i f i c i a l
" s i a m e s e  t w i n s " ,  i n  which th e  b lood  c i r c u l a t i o n  o f  two a n im a ls  have  been 
j o i n e d  so t h a t  t h e y  a r e  c o n t i n u o u s .  The s m a l l  amount o f  b lood  c r o s s i n g  
the p a r a b i o t i c  u n i o n  ( c a p i l l a r y  an a s to m o se s )  i s  d i l u t e d  w i t h  the  much 
l a r g e r  volume o f  b lood  in  t h e  main c i r c u l a t i o n  o f  each  a n im a l .  In  
e x p e r i m e n t s  where Walker  h e p a to m a - b e a r i n g  r a t s  were p a r a b i o t i c a l l y  l i n k e d  
to  non t u m o u r - b e a r i n g  c o n t r o l s ,  t he  h e p a t i c  a c t i v i t i e s  o f  t h r e e
g l y c o l y t i c  enzymes ( h e x o k i n a s e ,  p y r u v a t e  k i n a s e  and p h o s p h o f r u c t o  k i n a s e )  
were found to  i n c r e a s e  i n  i n t a c t  an im a ls  in  p a r a l l e l  w i t h  t h o s e  o f  t h e i r  
t u m o u r - b e a r i n g  p a r t n e r s  (Suda e t  a l , 1966) .  The d e c r e a s e d  h e p a t i c
c a t a l a s e  a c t i v i t i e s  o f  t u m o u r - b e a r i n g  r a t s  (Lucke e t  a l , 1953) ,  and 
changes  i n  s p l e n i c  and h e p a t i c  enzyme a c t i v i t i e s  o f  r a t s ,  b e a r i n g  
lymphomas o r  f i b r o s a r c o m a s  ( H e r z f e l d  e t  a l , 1978)  were a l s o  o b s e r v e d  to
o c c u r  in  t u m o u r - f r e e  a n i m a l s ,  p a r a b i o t i c a l l y  l i n k e d  to  t u m o u r - b e a r i n g
h o s t s .  The changes  i n  t u m o u r - f r e e  p a r a b i o t i c  a n im a ls  t e n d  to  be l e s s  
p ronounced  than  t h o s e  o f  t h e  t u m o u r -b e a r i n g  p a r t n e r .  The changes  in  
t u m o u r - b e a r i n g  a n i m a l s ,  l i n k e d  to  a h e a l t h y  p a r t n e r ,  were u s u a l l y  l e s s  
a p p r e c i a b l e  t h a n  t h o s e  o f  u n l i n k e d  a n im a l s ,  b e a r i n g  n e o p la s m s .  These  
o b s e r v a t i o n s  have  been  i n t e r p r e t e d  to  i n d i c a t e  t h a t  t h e  b lo o d  o f  t h e  
t u m o u r - b e a r i n g  r a t s  c o n t a i n e d  a c h em ica l  m o d u l a t o r ,  o r i g i n a t i n g  from the  
tumour.  The m o d u l a t o r  p o s s i b l y  a c t e d  l i k e  a hormone,  t a r g e t t i n g  to  and 
m o d i fy ing  th e  m e t a b o l i s m  o f  s e n s i t i v e  t i s s u e s ,  d i s t a n t  to  t h e  tumour 
(Lucke e t  a l , 1953) .  I t  i s  a l s o  r e m o t e l y  p o s s i b l e  t h a t  t h e  b lo o d  o f  t h e  
h e a l t h y  an im a l  was s u p p le m e n t i n g  a c r i t i c a l  f a c t o r ,  a b s e n t ,  o r  p r e s e n t  a t
much d e c r e a s e d  c o n c e n t r a t i o n ,  i n  the  b lood  o f  t h e  p a r a b i o t i c a l l y - l i n k e d , 
t u m o u r - b e a r i n g  p a r t n e r  ( H e r z f e l d  e t  a l , 1978) .
The " c h e m ic a l  m o d u l a t o r "  co u ld  have  be e n ,  f o r  exa mple ,  a hormone,  
p r o s t a n o i d ,  k i n i n  o r  growth  f a c t o r .  The Lewis lung  c a rc in o m a  has  been  
r e p o r t e d  to  s e c r e t e  a number o f  d i f f e r e n t  s u b s t a n c e s  such as  p l a s m in o g e n  
a c t i v a t o r  (Whur e t  a l , 1980;  E i s en b a c h  e t  a l , 1985 ) ,  p r o s t a g l a n d i n  E  ^
(Young and K n ie s ,  1984) ,  and a m a c r o p h a g e - m o d u la t i n g  f a c t o r  o f  low 
m o l e c u l a r  w e igh t  (Cheung e t  a l , 1979) .  These s u b s t a n c e s ,  o r  some o t h e r  
t u m o u r - e l a b o r a t e d  f a c t o r ,  such as " toxohormone" ( s e e  l a t e r ) ,  p o s s i b l y  
caused  many o f  t h e  s y s t e m ic  c h a n g e s ,  o b s e rv e d  f o r  m ice ,  b e a r i n g  Lewis 
lung  c a rc in o m a s .
"Toxohormone":  An a c i d - r e s i s t a n t ,  w a t e r - s o l u b l e  p e p t i d e ,  i s o l a t e d  from
e x t r a c t s  o f  human g a s t r i c  o r  r e c t a l  c a r c in o m a s ,  has  be e n  o b s e r v e d  to  
cause  a p ronounced d e c r e a s e  i n  h e p a t i c  c a t a l a s e  a c t i v i t y ,  when i n j e c t e d  
i n t o  mice (Nakahara  and Fukuoka,  1949) .  Th is  p e p t i d e ,  s u b s e q u e n t l y  named 
" toxohormone" ,  was found to  be p r e s e n t  in  normal  t i s s u e s ,  b u t  a t  
c o n s i d e r a b l y  lower  c o n c e n t r a t i o n s  t h a n  in  n e o p l a s t i c  t i s s u e s  (Busch,  
1963; Kampschmidt,  1965 ) .  "Toxohormone" has  a l s o  been  r e p o r t e d  to  have  
o t h e r  p h y s i o l o g i c a l  e f f e c t s ,  such as  thymus i n v o l u t i o n ,  i n c r e a s e  i n  l i v e r  
w e i g h t ,  d e c r e a s e  i n  h e p a t i c  NAD , anaem ia ,  and i n c r e a s e d  p lasma Cu: 
e f f e c t s  s i m i l a r  to  changes  o b s e rv e d  f o r  t u m o u r - b e a r i n g  a n im a l s  and c a n c e r  
p a t i e n t s  (Busch,  1963; Kampschmidt,  1965) .
The i d e n t i t y  o f  " toxohormone"  i s  unknown. As h e p a t i c  c a t a l a s e  
a c t i v i t y  has  been  r e p o r t e d  to  be i n h i b i t e d  by s e v e r a l  d i f f e r e n t  
s u b s t a n c e s  ( H a rg r e a v e s  e t  a l , 1959) ,  many s u b s t a n c e s ,  e l a b o r a t e d  by 
tumours such as  t h e  Lewis lung  c a rc in o m a ,  p r o b a b l y  have  " toxohorm one" -  
l i k e  a c t i v i t y .  D e p r e s s e d  c a t a l a s e  a c t i v i t y  has  been  a s s o c i a t e d  w i t h  
a l t e r a t i o n s  i n  the  morphology o f  l i v e r  c e l l s  (Baum and N i s h i m u r a ,  1 9 6 4 ) ,  
and w i t h  a l t e r a t i o n s  i n  h e p a t i c  l i p i d  m e t a b o l i s m  (Crane and M a s t e r s ,
1984) .  The change i n  h e p a t i c  c a t a l a s e  a c t i v i t y  o f  t u m o u r - b e a r i n g  an im a ls  
o r  c a n c e r  p a t i e n t s  i s  p o s s i b l y  the  t r i g g e r  f o r  o t h e r  b i o c h e m ic a l  
p e r t u r b a t i o n s ,  such as  t h o s e  obse rved  f o r  m ic e ,  b e a r i n g  Lewis lung 
c a r c i n o m a s .
Hormones: R a t s  s u b j e c t e d  to  c o l d - r e s t r a i n t  s t r e s s ,  have  been  o b s e rv e d  to
have  d e c r e a s e d  h e p a t i c  GSH p e r o x i d a s e  a c t i v i t i e s  and i n c r e a s e d  h e p a t i c  
T B A - r e a c t i v e  m a t e r i a l  c o n c e n t r a t i o n s :  an e f f e c t  t h a t  was p r o b a b l y
m e d ia te d  by g l u c o c o r t i c o i d s  (Cape l  e t  a l , 1983) .  H e p a t i c  GSSG r e d u c t a s e ,  
GSH p e r o x i d a s e  ( P i n t o  and B a r t l e y ,  1969b;  Cape l  and Smallwood, 1983) ,  and 
g l u c o s e - 6 - p h o s p h a t e  de hyd roge na se  a c t i v i t i e s  (Demus-Oole and 
S w i e r c z e w s k i , 1969) have  been  r e p o r t e d  to  be in d u ce d  by o e s t r o g e n  and
p r o g e s t e r o n e ,  and r e p r e s s e d  by t e s t o s t e r o n e .  The l i v e r s  o f  female  r a t s  
a l s o  have  been  o b s e rv e d  to  have g r e a t e r  s u s c e p t i b i l i t y  to  i n  v i t r o  l i p i d  
p e r o x i d a t i o n  ( P i n t o  and B a r t l e y ,  1979a) and g r e a t e r  T B A - r e a c t i v e  m a t e r i a l  
c o n c e n t r a t i o n s  (Cape l  and Smallwood, 1983)  th a n  t h e i r  male  c o u n t e r p a r t s .  
A d re n a le c to m y ,  c a s t r a t i o n  o f  male  mice,  i n j e c t i o n s  o f  c o r t i s o n e ,  t h y r o x i n  
or  s t i l b o e s t e r o l  have  a l l  been obse rved  to  p ro d u c e  d e c r e a s e d  h e p a t i c  
c a t a l a s e  a c t i v i t i e s  (Busch,  1962; Kampschmidt,  1965) ;  t i s s u e  GSH 
c o n c e n t r a t i o n s  have  been o b s e rv e d  to have  c i r c a d i a n  v a r i a t i o n  ( F a ro o q u i  
and Ahmed, 1984) .  A n t i o x i d a n t  d e fe n c e  and l i p i d  p e r o x i d a t i o n  a r e  c l e a r l y  
i n f l u e n c e d  by th e  e n d o c r i n e  sys tem .
Many t y p e s  o f  tumour have been o b s e rv e d  to  p ro d u ce  ho rmones ,  which 
a r e  s e c r e t e d  i n t o  the  b lood  s t r e a m  o f  t h e  h o s t  ( R e e s ,  1975) .  
I n a p p r o p r i a t e  a d r e n o c o r t i c o t r o p h i c  hormone (ACTH) p r o d u c t i o n  h a s  been  
a s s o c i a t e d  w i t h  many b r o n c h i a l  tumours ,  f o r  example ( N e v i l l e  and 
Sym ington ,  1975) .  As th e  Lewis lung  c a rc in o m a ,  o r i g i n a t e d  from t h e  l u n g ,  
i t  c o u ld  p o s s i b l y  have  s e c r e t e d  ACTH. P r o b a b l y  no s i n g l e  hormone can 
m i r r o r  t h e  e f f e c t s ,  e x e r t e d  by Lewis lung  c a rc in o m a s  upon h e p a t i c  a n t i ­
o x i d a n t  d e f e n c e  and l i p i d  p e r o x i d a t i o n  o f  t h e  h o s t  m ice .  The c a rc in o m a
m ig h t ,  however ,  have  s y n t h e s i s e d  s u b s t a n c e s ,  which by means o f  hormone­
l i k e  a c t i v i t y  o r  a b i l i t y  to  i n f l u e n c e  the  e n d o c r i n e  sy s tem  o f  the  h o s t  
mouse,  c o n t r i b u t e d  s i g n i f i c a n t l y  to  the  p e r t u r b a t i o n s  o f  n o n - n e o p l a s t i c  
t i s s u e s .
Growth f a c t o r s :  I t  has  been obse rved  t h a t  hypophysectom y p r e v e n t s  the
d e c r e a s e  i n  c a t a l a s e  a c t i v i t y  o f  t u m o u r - b e a r i n g  r o d e n t s ,  an e f f e c t  
c o u n t e r a c t e d  by t h e  a d m i n i s t r a t i o n  o f  growth  hormone ( U t s u g i ,  1960 ) .  The 
g r o w t h -p r o m o t i n g  a c t i v i t y  o f  growth hormone i s  m e d i a t e d  by s o m a tom e d ins , 
s u b s t a n c e s  t h o u g h t  to  be growth  f a c t o r s ,  t h a t  i s  t h e y  s t i m u l a t e  c e l l  
m i t o s i s  (G ospoda row icz ,  1983) .  N e o p l a s t i c  c e l l s  a r e  known to  p roduce  
c o n s p ic u o u s  amounts o f  m i t o g e n s ,  r e f e r r e d  to  as  t r a n s f o r m i n g  growth 
f a c t o r s .  T u m our -de r ive d  growth f a c t o r s  have  been  r e p o r t e d  to  s t i m u l a t e  
normal  c e l l s  to  d i v i d e  in  v i t r o  and to  c a u se  no rmal  c e l l s  to  a d o p t  some 
of  the  m orphology and pheno ty pe  o f  t r a n s f o r m e d  c e l l s  (DeLarco and Todaro ,  
1978) .  I t  has  been  p o s t u l a t e d  t h a t  n e o p l a s t i c  c e l l s  m a i n t a i n  t h e i r  
m a l i g n a n t  c h a r a c t e r  by s y n t h e s i s i n g ,  in  c o n c e r t ,  g rowth  f a c t o r s  and c e l l  
membrane '  r e c e p t o r s  f o r  growth f a c t o r s  (A le x a n d e r  and C u r r i e ,  1984) .  The 
B16 melanoma has  been  p roposed  to i n c i t e  i t s  own growth  by s e c r e t i n g  a 
s u b s t a n c e  i n t o  the  b l o o d ,  which s t i m u l a t e s  the  r e l e a s e  o f  g rowth  hormone 
by t h e  p i t u i t a r y  g l a n d  ( B a j z e r  e t  a l , 1984) .  The Lewis lung  ca rc inom a  
m igh t  a l s o  p roduce  p ronounced q u a n t i t i e s  o f  m i t o g e n s .
The p h y s i o l o g i c a l  e f f e c t s  o f  growth f a c t o r s  i n c l u d e  h e p a t i c  h y p e r ­
p l a s i a  and h y p e r t r o p h y ,  i n c r e a s e d  f a t t y  a c i d  c o n c e n t r a t i o n ,  i n c r e a s e d  
s k i n  d i s u l p h i d e  c o n c e n t r a t i o n ,  and g e n e r a l i z e d  i n c r e a s e s  i n  g l y c o l y s i s ,  
and i n  n u c l e i c  a c i d  and p r o t e i n  b i o s y n t h e s i s  ( C a r p e n t e r  and Cohen, 1979) :  
e f f e c t s  s i m i l a r  to  some o f  the  s y s te m ic  a c t i o n s  o f  tumours .  T r a n s f o r m i n g  
growth  f a c t o r s ,  i n  common w i th  " toxohormone" ha ve  been  r e p o r t e d  to  be 
p e p t i d e s ,  which  a r e  c o m p a r a t i v e l y  r e s i s t a n t  to  h e a t  and a c i d  ( N i c k e l l  £ t  
a l ,  1983 ) .  The s y s t e m ic  e f f e c t s  o f  tumours  have  b e e n  s u g g e s t e d  to  be
caused by growth factors, elaborated by neoplastic cells (Morgan and 
Cameron, 1973;  Greengard et al, 1984) .  "Toxohormone" and growth factors 
may well be identical groups of substances.
H e p a t i c  p r o l i f e r a t i o n  d u r i n g  l i v e r  r e g e n e r a t i o n  i s  t h o u g h t  to  be 
m e d i a t e d  by h e p a t o c y t e  growth f a c t o r s ,  h e p a t o p o i e t i n s , p r e s e n t  in  the  
b lood  ( T h a l e r  and M i c h a l o p o u l o s , 1985) .  As l i v e r  has  t h e  c a p a c i t y  to  
r e g e n e r a t e  a f t e r  p a r t i a l  h e p a te c to m y ,  i t  may w e l l  be c o m p a r a t i v e l y  
s e n s i t i v e  to  any t u m o u r - e l a b o r a t e d  m i t o g e n .  P r o s t a g l a n d i n s  o f  the
F - s e r i e s ,  f o r  example,  a r e  r e p o r t e d  to  be v e r y  p o t e n t  g rowth  f a c t o r s  f o r
u n d i f f e r e n t i a t e d  r a t  h e p a t o c y t e s  (Armato and A n d r e i s ,  1983 ) .  P r o s t a ­
g l a n d i n s  anc* 6 - k e t o - F ^  have  been  r e p o r t e d  to  be m a jo r  e i c o s a n o i d
m e t a b o l i t e s  o f  Lewis lung  ca rc inom as  ( C h iab ra ndo  e t  a l , 1985) .  A growth
f a c t o r ,  s e c r e t e d  i n t o  the  c i r c u l a t i o n  o f  t h e  t u m o u r - b e a r i n g  m ic e ,  m igh t  
have  s t i m u l a t e d  m i t o s i s  in  l i v e r ,  and p o s s i b l y  o t h e r  t i s s u e s ,  such as  
k i d n e y .
The i n j e c t i o n  o f  mice w i th  C o r y n e b a c t e r i u m  parvum v a c c i n e  s t i m u l a t e s  
c e l l s  in  t i s s u e s ,  such as l i v e r  and s p l e e n ,  to  grow e x p o n e n t i a l l y  
( K a r l b e r g  e t  a l , 1981) .  Twenty-one  o f  29 d i f f e r e n t  s y s t e m i c  
a b n o r m a l i t i e s ,  o b s e rv e d  f o r  s a r c o m a - b e a r i n g  m ice ,  were a l s o  p r e s e n t  i n  
C o r y n e b a c t e r i u m - v a c c i n a t e d  an im a ls  ( K a r l b e r g  e t  a l , 1981 ) .  T h i s  i n d i c a t e s  
t h a t  many, i f  n o t  m os t ,  o f  the  s y s t e m ic  e f f e c t s  o f  tumours  a r e  r e l a t e d  to  
c e l l  p r o l i f e r a t i o n  p e r  s e , and n o t  n e c e s s a r i l y  t o  m a l i g n a n c y .  As g rowth  
f a c t o r s  a r e  a s s o c i a t e d  w i th  c e l l  d i v i s i o n ,  t h e  s t u d i e s ,  u s i n g  Coryne­
b a c t e r i u m - v a c c i n a t e d  m ic e ,  i n f e r  t h a t  g rowth  f a c t o r s  a r e  m a jo r  m e d i a t o r s  
o f  t h e  p e r t u r b a t i o n s  o f  normal  t i s s u e s  i n  t u m o u r - b e a r i n g  a n im a l s  and 
c a n c e r  p a t i e n t s .
Comparison  w i t h  immature l i v e r  t i s s u e s :  I t  has  been  p ro p o se d  t h a t  t h e
h e p a t i c  enzymes o f  t u m o u r - b e a r i n g  r o d e n t s  t e n d  to  change  such  t h a t  t h e i r  
a c t i v i t i e s  become s i m i l a r  to  t h o se  o f  t h e  tumour ( G r e e n s t e i n ,  1 9 5 4 ) .  An
a l t e r n a t i v e  g e n e r a l i z a t i o n  t h a t  the  enzyme p a t t e r n  o f  t h e  l i v e r s  o f  
t u m o u r - b e a r i n g  an im a ls  and c a n c e r  p a t i e n t s  s h i f t s  tow ards  t h a t  o f  
immature o r  r e - g e n e r a t i n g  l i v e r ,  has  a l s o  been  p o s t u l a t e d  (Suda e t  a l , 
1972;  H e r z f e l d  and G r e e n g a r d ,  1972) .
H i s t o l o g i c a l  s t u d i e s  and o b s e r v a t i o n s  o f  l i v e r  DNA c o n c e n t r a t i o n
( C h a p te r  3 ) ,  have  s u g g e s t e d  t h a t  t h e r e  was a s u b s t a n t i a l  i n c r e a s e  i n  the  
p r o p o r t i o n  o f  m i t o t i c  c e l l s  in  t h e  l i v e r s  o f  m ice ,  b e a r i n g  Lewis  lung 
c a rc in o m a s .  F o e t a l  r a t  l i v e r s  have  been  r e p o r t e d  to  have  c o m p a r a t i v e l y  
low <y - g l u t a m y l c y s t e i n e  s y n t h e t a s e ,  GSH p e r o x i d a s e  and GSSG r e d u c t a s e  
a c i v i t i e s ,  and i n c r e a s e d  ' y - g lu t a m y l  t r a n s p e p t i d a s e  a c t i v i t i e s  ( P i n t o  and 
B a r t l e y ,  1969;  W ir th  and T h o r g e i r s s o n ,  1978) .  Rat  l i v e r  t i s s u e ,
r e g e n e r a t i n g  a f t e r  p a r t i a l  h e p a te c to m y ,  has  been  o b s e r v e d  to  have
d e c r e a s e d  c a t a l a s e  and GSH p e r o x i d a s e  a c t i v i t i e s ,  unchanged  SOD a c t i v i t y ,  
and an i n c r e a s e d  T B A - re a c t i v e  m a t e r i a l  c o n c e n t r a t i o n ,  compared to  i n t a c t
l i v e r  (Ueda e t  a l , 1983) .  F o e t a l  l i v e r  has  been  r e p o r t e d  t o  have
r e l a t i v e l y  low GSH p e r o x i d a s e ,  GSSG r e d u c t a s e  and 'y_g l utamy l c y s t e i ne 
s y n t h e t a s e  a c t i v i t i e s  (Demus-Oole and S w i e r c z e w s k i , 1969;  P i n t o  and
B a r t l e y ,  1969; W ir th  and T h o r g e i r s s o n ,  1978) .  Comparison o f  t h e  h e p a t i c  
a l t e r a t i o n s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  mice w i t h  a p p r o p r i a t e
o b s e r v a t i o n s  o f  f o e t a l ,  r e g e n e r a t i n g  and n e o p l a s t i c  l i v e r  ( t a b l e  6 . 1 )
i n d i c a t e s  t h a t  the  changes  i n  h e p a t i c  a n t i o x i d a n t  d e f e n c e  and l i p i d
p e r o x i d a t i o n  were l a r g e l y  c o n s i s t e n t  w i th  the  two g e n e r a l i z a t i o n s ,  g iv e n  
i n  t h e  p r e v i o u s  p a r a g r a p h .  The s u b s t a n t i a l  i n c r e a s e  i n  t h e  p o p u l a t i o n  o f  
immature c e l l s  i n  t h e  l i v e r s  o f  m ice ,  b e a r i n g  Lewis lung  c a r c i n o m a s ,  
m igh t  t hus  have  c o n t r i b u t e d  s i g n i f i c a n t l y  to  t h e  p e r t u r b a t i o n s  i n  h e p a t i c  
a n t i o x i d a n t  d e f e n c e  and l i p i d  p e r o x i d a t i o n .
The p a t t e r n  o f  a n t i o x i d a n t  d e fe n c e  and l i p i d  p e r o x i d a t i o n ,  r e p o r t e d  
f o r  u n d i f f e r e n t i a t e d  h e p a t o c y t e s ,  does n o t ,  however  c o r r e s p o n d  e x a c t l y  to  
t he  c h a n g es ,  o b s e rv e d  f o r  t h e  l i v e r s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  mice
TABLE 6.1 - Pattern of Antioxidant Defence and Lipid Peroxidation
R e p o r te d  f o r  U n d i f f e r e n t i a t e d  Rodent  L i v e r  T i s s u e  and f o r  
L i v e r s  f rom Mice,  B e a r in g  Lewis  Lung C arc in om as .
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( t a b l e  6 . 1 ) ;  GSSG r e d u c t a s e  a c t i v i t i e s  o f  t h e  t u m o u r - b e a r i n g  mice were 
i n c r e a s e d  f o r  example,  whereas  the  a c t i v i t y  r e p o r t e d  f o r  f o e t a l  and 
n e o p l a s t i c  l i v e r  i s  l e s s  than  t h a t  o f  a d u l t  a n i m a l s .  The o b s e r v a t i o n s  in  
t h e  B io m e d ic a l  l i t e r a t u r e ,  have m a i n ly  be e n  u n d e r t a k e n  w i t h  u n d i f f e r e n t ­
i a t e d  r a t  l i v e r  t i s s u e :  t h e  d i s c r e p a n c i e s  m igh t  t h u s  r e p r e s e n t  s p e c i e s
d i f f e r e n c e s  be tw een  mice  and r a t s .  I n c r e a s e d  c e l l  d i v i s i o n  i n  non­
n e o p l a s t i c  t i s s u e s  o f  m ic e ,  b e a r i n g  Lewis lung  c a r c in o m a s ,  may thus  
r e p r e s e n t  o n ly  a p a r t i a l  e x p l a n a t i o n  o f  t h e  b i o c h e m i c a l  c h a n g e s ,  o b s e rv e d  
f o r  t h e s e  a n i m a l s .
Tum our-hos t  I n t e r a c t i o n
The a b n o r m a l i t i e s  i n  h o s t  m e t a b o l i s m ,  t h o u g h t  to  be i n i t i a t e d  by 
u n i d e n t i f i e d  t u m o u r - e l a b o r a t e d  s u b s t a n c e s  ( C o s t a ,  1977)  m igh t  n o t  i n c l u d e  
s i g n i f i c a n t  changes  i n  a n t i o x i d a n t  d e fe n c e  enzyme a c t i v i t y  o r  s u s c e p t i b ­
i l i t y  to  l i p i d  p e r o x i d a t i o n .  The p e r t u r b a t i o n s ,  o b s e rv e d  f o r  m ice ,  
b e a r i n g  Lewis lung  c a r c in o m a s ,  were p o s s i b l y  caused  by o t h e r  m echani sms ,  
such as  t h e  " p a r a s y t i c "  a c t i v i t i e s  o f  t h e  tumour ,  o r  were no t  c aused  by 
th e  tumour p e r  s e , b u t  by th e  r e s p o n s e  o f  t h e  h o s t  a n im a l  to  t h e  p r e s e n c e  
o f  n e o p l a s t i c  c e l l s .
U n a p p r e c i a t e d  m e t a s t a s i s :  Mice,  i n j e c t e d  i n t r a s p l e n i c a l l y  w i t h  Lewis
lung  c a rc in o m a  c e l l s ,  have  been  o b s e rv e d  to  have  m e t a s t a t i c  f o c i  i n  t h e i r  
l i v e r s ,  e i g h t  days l a t e r  (Kopper e t  a l , 1982) .  I t  h a s  been  r e p o r t e d  t h a t  
m ic e ,  b e a r i n g  s u b c u t a n e o u s l y - i m p l a n t e d  B16 melanomas ,  have e x t e n s i v e  
m e t a s t a t i c  d e p o s i t s  i n  t h e i r  l u n g s ,  and o c c a s i o n a l  f o c i  i n  o r g a n s ,  such 
as k i d n e y ,  a d r e n a l  and b r a i n ;  l i v e r  s e c o n d a r y  in v o lv e m e n t  i n  t h e s e  
a n im a ls  was e v i d e n t  e x c l u s i v e l y  as  v i s i b l y - u n d e t e c t a b l e  m i c r o m e t a s t i c  
g r o w t h s ,  which cou ld  o n l y  be d e t e r m i n e d  by b i o a s s a y  (A l te rm a n  e t  a l ,
1 985) .  Such m i c r o m e t a s t a t i c  c e l l s  were p o s s i b l y  a l s o  be p r e s e n t  in  t h e  
l i v e r s  o f  m ic e ,  b e a r i n g  i /m  i m p la n te d  Lewis lung  c a r c i n o m a s .  The 
b i o c h e m i c a l  a b n o r m a l i t i e s ,  o b s e rv e d  f o r  t u m o u r - b e a r i n g  mice i n  the
b e a r i n g  m ice ,  was t h e r e f o r e  p r o b a b l y  no t  ca use d  by s t r e s s .
Hos t  immune r e s p o n s e :  S t u d i e s  o f  C orynebac te rum  pa rvum - i n o c u l a t e d  mice
have  i n d i c a t e d  t h a t  even n o n - m a l ig n a n t  c e l l  p r o l i f e r a t i o n  can  s t i m u l a t e  
s y s t e m i c  e f f e c t s  in  r o d e n t s ,  s i m i l a r  to  t h o s e  o f  t u m o u r - b e a r i n g  an im a ls  
( s e e  e a r l i e r ) .  I t  ha s  been  r e p o r t e d ,  however ,  t h a t  p r e g n a n t  m ic e ,  o r  
m ice ,  b e a r i n g  embryonic  i m p l a n t s  do n o t  have  d e p r e s s e d  h e p a t i c  c a t a l a s e  
a c t i v i t i e s  ( G r e e n s t e i n  and A n d e rvon t ,  1943) .  These a n im a ls  were p r o b a b l y  
im m unosuppres sed , whereas  v a c c i n a t i o n  o f  mice  w i t h  C o r y n e b a c t e r i u m  would 
have  e l i c i t e d  an immune r e a c t i o n .  Th is  s u g g e s t s  t h a t  m i t o g e n i c  a g e n t s ,
a s s o c i a t e d  w i th  immune d e f e n c e ,  t h a t  i s  t h e  l ym phok ines ,  m ig h t  be
i m p l i c a t e d  in  t h e  s y s t e m ic  e f f e c t s  o f  c a n c e r .
I t  has  been  r e p o r t e d  t h a t  h e p a t i c  cy tochrome ^450 anc* o t h e r  d rug  
m e t a b o l i z i n g  enzymes o f  t u m o u r - b e a r i n g  a n im a ls  a r e  l e s s  t h a n  t h o s e  o f
t u m o u r - f r e e  c o n t r o l s  ( S t r i t t m a t t e r ,  1979;  Dogra e t  a l , 1985) .  I n t e r f e r o n  
and i n t e r f e r o n  i n d u c e r s  have been  o b s e rv e d  to  d e p r e s s  h e p a t i c  cy tochrome 
P ^ q and to  induce  x a n t h i n e  o x i d a s e  a c t i v i t y ,  i n d i c a t i n g  t h a t  the
i m pa i rm en t  o f  h e p a t i c  d rug  m e t a b o l i s m ,  known to  be c aused  by i n t e r f e r o n ,  
i s  m e d i a t e d  by s e a c t i v e  oxygen s p e c i e s  (Ghezz i  e t  a l , 1985;  Crowe e t  a l , 
1986) .  O the r  lym phok ines ,  t u r a o u r - n e c r o s i s  f a c t o r  and i n t e r l e u k i n  1, have 
a l s o  been  shown to  c a u se  a d e c r e a s e  i n  m ur ine  cy tochrome P ^ ^ - d e p e n d e n t  
m ic ro som a l  d rug  m e ta b o l i s m  (Ghezzi  e t  a l , 1986) .
T u m o u r - n e c r o s i s  f a c t o r  (TNF) c a u s e s  h a e m o r r h a g i c  n e c r o s i s  o f  
n e o p l a s i a ,  and i s  homologous w i t h  o t h e r  m ac rophage /m onocy te  p r o d u c t s ,  
such as  tumour d i f f e r e n t i a t i o n - i n d u c i n g  f a c t o r  (Takeda e t  a l , 1986)  and 
c a c h e c t i n  (O ld ,  1985; D i n a r e l l o  e t  a l , 1986;  Nawroth e t  a l , 1986) .  
C a c h e c t i n  i s  a pyrogen  which has  many d i v e r s e  b i o l o g i c a l  p r o p e r t i e s ,  
i n c l u d i n g  th e  p rom ot ion  o f  musc le  c a t a b o l i s m ,  a c t i v a t i o n  o f  immune 
e f f e c t o r  c e l l s ,  a c t i v a t i o n  o f  h e p a t i c  a c u t e  p h a s e  p r o t e i n  s y n t h e s i s ,  and 
i n h i b i t i o n  o f  a d i p o c y t e  l i p o p r o t e i n  l i p a s e .  I n s u l i n  t r e a t m e n t  h a s  been
o b s e rv e d  t o  l a r g e l y  r e v e r s e  c a c h e x i a  i n  t u m o u r - b e a r i n g  r a t s  (Moley et: 
a l ,  1985 ) .  The a n a b o l i c  e f f e c t s  o f  i n s u l i n  may w e l l  have  c o u n t e r a c t e d  th e  
c a t a b o l i c  d i s p o s i t i o n  o f  t h e  h o s t  m e ta b o l i s m .  I t  h a s  been  r e p o r t e d  t h a t  
i n s u l i n  may i n h i b i t  TNF p r o d u c t i o n  from m ac ro p h ag e s ,  and t h a t  TNF can 
cause  h y pog lyca e m ia  (Sa tomi e t  a l , 1985 ) .  C a c h e c t i n  has  t h u s  been  
i m p l i c a t e d  as  t h e  c a u se  o f  c a c h e x i a ,  a s s o c i a t e d  w i t h  c a n c e r  and the  
a c u t e - p h a s e  r e s p o n s e  o f  s e v e r e  i n f e c t i o n s  (Old,  1985;  Bachwich e t  a l , 
1986) .  T N F /c a c h e c t in  has  been  r e p o r t e d  to  s t i m u l a t e  the  r e l e a s e  o f  
i n t e r l e u k i n  1 by e n d o t h e l i a l  cem ls ,  and t h e  p r o d u c t i o n  o f  i n t e r l e u k i n  1 
and p r o s t a g l a n d i n  E2 by macrophages  (Nawroth e t  a l , 1986;  Bachwich e t  a l ,
1986) .
I n t e r l e u k i n  1 r e f e r s  to  a f a m i ly  o f  p e p t i d e s ,  which  l i k e  TNF, 
a f f e c t  s e v e r a l  d i f f e r e n t  t i s s u e  t a r g e t s ,  such as  t h e  l e u k o c y t e s ,  l i v e r ,  
bone,  m u s c l e ,  s y n o v i a l  f i b r o b l a s t s ,  b r a i n  and p a n c r e a s  ( D i n a r e l l o  and 
Mie r ,  1986 ) .  I n t e r l e u k i n  1 i s  a l s o  a m e d i a t o r  o f  t h e  a c u t e  phase  
r e s p o n s e ,  and has  m u l t i p l e  e f f e c t s  i n c l u d i n g  t h e  s u p p r e s s i o n  o f  a p p e t i t e ,  
r e s o r p t i o n  o f  c a r t i l a g e  and bone ,  and m usc le  c a t a b o l i s m ;  many o f  t h e s e  
e f f e c t s  may be due to  the  s t i m u l a t i o n  o f  p r o s t a g l a n d i n  E^ p r o d u c t i o n  
( D i n a r e l l o  and M ie r ,  1986) .  The h a e m o r rh a g ic  n a t u r e  o f  t h e  Lewis  lung  
ca rc in om a i n d i c a t e d  t h a t  s u b s t a n t i a l  TNF, a t  l e a s t ,  was b e i n g  s y n t h e s i s e d  
in  t h e  h o s t  m ic e .  Lymphokines,  p roduced  by t h e  immune-defence  c e l l s  o f  
the  h o s t  m ic e ,  may w e l l  have been  the  m a jo r  m e d i a t o r s  o f  t h e  s y s t e m ic
a b n o r m a l i t i e s ,  o b s e rv e d  f o r  m ice ,  b e a r i n g  Lewis  lung  c a r c i n o m a s .  The
u n i d e n t i f i e d  " toxohormone"  o f  the  p a r a b i o s i s  s t u d i e s ,  d e s c r i b e d  e a r l i e r ,  
i s  p o s s i b l y  synonymous w i t h  t h e  lymphokine f a m i l y .
I n t e r l e u k i n  1 i s  p r i m a r i l y  s y n t h e s i z e d  by t h e  m onocy tes  o f  b lo o d  and 
by t h e  p h a g o c y t i c  l i n i n g  c e l l s  o f  o r g a n s ,  such as  l i v e r  ( D i n a r e l l o  and 
Mie r ,  1986 ) .  S i n u s o i d a l  r a t  l i v e r  c e l l s  have  be e n  d i s c o v e r e d  to  k i l l
tumour c e l l s  i n  v i t r o  w i t h o u t  p r i o r  i m m u n is a t io n  and w i t h  g r e a t e r  p o t e n c y
p o s i t i o n e d  i n  t h e  c i r c u l a t o r y  sys tem  to  be an e f f e c t i v e  f i l t e r ,  i t  has  
thus  been  h y p o t h e s i s e d  t h a t  the  l i v e r  m ig h t  f u n c t i o n  as  a tumour c e l l  
k i l l i n g  o r g a n  ( M a l t e r  e t  a l , 1986) .  The b i o c h e m i c a l  c h a n g e s ,  o b s e r v e d  in  
the  p r e s e n t  s t u d i e s  f o r  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  m ice ,  were p o s s i b l y  
p a r t  o f  an a d a p t i v e  r e s p o n s e  to  the  p r e s e n c e  o f  d i s s e m i n a t e d  c a n c e r  c e l l s  
i n  t h e  v a s c u l a t u r e .
Lewis lung  c a rc inom a  a c t i n g  as  a p a r a s i t e :  T u m our -be a r ing  r o d e n t s  have 
been  r e p o s t e d  to  have d e p l e t e d  l i v e r  g l y c o g e n  s t o r e s  (Shapo t  and B l i n o v ,  
1974) .  The l i v e r  g ly c o g e n  o f  B16 m e la n o m a -b ea r in g  mice has  been  shown to 
be a b o u t  t w o - t h i r d s  o f  t h a t  o f  t u m o u r - f r e e  a n im a l s  (Rofe e t  a l , 1985) .  
Lewis lung  c a r c i n o m a - b e a r i n g  m ic e ,  however ,  were o b s e rv e d  in  t h e  p r e s e n t  
s t u d i e s  to  have  p l a n t  c e l l s  in  t h e i r  l i v e r s ,  i n d i c a t i n g  t h a t  t h e r e  were 
s i g n i f i c a n t  g ly c o g e n  s t o r e s  ( C h a p te r  3 ) ;  t h e s e  a n im a l s  were t h e r e f o r e  
u n l i k e l y  to  have  been  a n o r e x i c .
The nutritional demands of a comparatively large tumour mass, such 
as the Lewis lung, may well have limited the supply of vital nutrients to 
the non-neoplastic tissues of the host. The possible concentration of 
substances, necessary for the normal metabolism of the host mouse may 
have been a major cause of the abnormalities in non-neoplastic tissues. 
The amassing of antioxidants, for example vitamin E, in the Lewis lung 
carcinoma might have caused the increased susceptibility of hepatic 
tissue to in vitro lipid peroxidation.
S e len iu m  h a s  been  found to  i n h i b i t  c e l l  p r o l i f e r a t i o n  i n  p a r t i a l l y -  
h e p a t e c t o m i s e d  r a t  l i v e r s ,  an e f f e c t  p o s s i b l y  a s s o c i a t e d  w i t h  an accom­
pa ny ing  i n c r e a s e  i n  h e p a t i c  GSH/GSSG r a t i o  (LeBoeuf  e t  a l , 1 9 8 5 ) .  The 
i n c r e a s e d  m i t o s i s  i n  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  mice m igh t  t h u s  have 
been  i n i t i a t e d  by a d e c r e a s e  i n  s e l e n i u m  c o n c e n t r a t i o n .  A l th o u g h  tumours  
p o s s i b l y  c o n c e n t r a t e  s e l e n i u m  ( M i l n e r ,  1 9 85 ) ,  t h e y  may p r o t e c t  t h e m s e lv e s
f rom s e l e n i u m ' s  a n t i p r o l i f e r a t i v e  e f f e c t s  by s e q u e s t e r i n g  i t  to  a l e s s  
a c t i v e  form.  A d e f i c i e n c y  o f  s e l e n i u m  m igh t  a l s o  have  c aused  the  
d e c r e a s e d  m i t o c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  o f  t h e  l i v e r s  o f  Lewis 
lung  c a r c i n o m a - b e a r i n g  mice .
M i t o c h o n d r i a  f rom k id n e y s  and l i v e r s  o f  r a t s ,  b e a r i n g  Walker  256 
c a r c i n o s a r c o m a s ,  have  been  r e p o r t e d  to  be a b o u t  20% d e f i c i e n t  in  
magnesium and to  have  i m p a i r e d  r e s p i r a t o r y  f u n c t i o n  due to  u n c o u p l i n g  o f  
o x i d a t i v e  p h o s p h o r y l a t i o n  in  m i t o c h o n d r i a  (Cummings e t  a l , 1984) .  The 
u n c o u p l i n g  o f  m i t o c h o n d r i a l  r e s p i r a t i o n  c o u ld  c a u s e  e x c e s s i v e  g e n e r a t i o n  
o f  r e a c t i v e  oxygen s p e c i e s  (C h a p te r  1 ) ,  l e a d i n g  t o  a u t o x i d a t i o n  and c e l l  
damage. The h e p a t i c  p e r t u r b a t i o n s  o f  Lewis lung  c a r c i n o m a - b e a r i n g  mice 
p o s s i b l y  o r i g i n a t e d  by t h i s  mechanism.
Altered metabolism is a prominent feature of the systemic effects of 
malignant tumours upon animals and human beings (Waterhouse and 
Kemperman, 1971; Theogides, 1972;  Costa, 1977;  DeWys, 1983;  Greengard and 
Cayanis, 1 983) .  The antioxidant defence system, via glutathione and 
possibly catalase, is closely associated with fat, protein and carbo­
hydrate metabolism (Magnani et al , 1980;  Meister and Anderson, 1983;
Crane and Masters, 1984) .  It is thus almost impossible to determine 
whether a change in antioxidant defence precedes an abnormality in 
general metabolism or vice versa.
D e c rea s e d  h e p a t i c  m i t o c h o n d r i a l  GSH p e r o x i d a s e :  The f e e d i n g  o f  h i g h
c o n c e n t r a t i o n s  o f  c h o l e s t e r o l  to  r a t s  and g u i n e a  p i g s  has  b e e n  r e p o r t e d  
to  c a u se  an i n c r e a s e  i n  the  r a t e  o f  h e p a t i c  l i p i d  p e r o x i d a t i o n  i n  v i t r o , 
and to  d e c r e a s e  l i v e r  GSH p e r o x i d a s e  a c t i v i t y  ( T s a i  e t  a l , 1977 ) .  The 
l i v e r s  o f  t u m o u r - b e a r i n g  r a t s  have be e n  o b s e r v e d  to  have  an i m p a i r e d  
f e e d b a c k  mechanism f o r  c o n t r o l l i n g  the  s y n t h e s i s  o f  c h o l e s t e r o l  ( S h a p o t ,
1980) .  A l t e r a t i o n s  in  the  c h o l e s t e r o l / p h o s p h o l i p i d  r a t i o s  o f  h e p a t i c  
membranes can c a u se  changes  in  t h e i r  p h y s i c o - c h e m i c a l  p r o p e r t i e s :
p h o s p h o l i p i d s ,  f o r  example,  a r e  a l l o s t e r i c  r e g u l a t o r s  o f  many enzymes, 
such as  a d e n y l a t e  c y c l a s e  ( B u r l a k o v a ,  1975 ) .  The d e c r e a s e d  h e p a t i c  m i t o ­
c h o n d r i a l  GSH p e r o x i d a s e  a c t i v i t i e s  o f  m ice ,  b e a r i n g  Lewis lung 
c a r c i n o m a s ,  may thus  have r e s u l t e d  from an i n c r e a s e  i n  t h e  c h o l e s t e r o l  
c o n c e n t r a t i o n  o f  l i v e r  membranes.
It is considered that GSH peroxidase can not directly react with 
lipoperoxides, that are incorporated in lipid membranes (McCay et al, 
1976) .  Fatty acyl hydroperoxides have to be cleaved from the peroxidized 
membrane in a reaction, catalyzed by phospholipase A^, before GSH perox­
idase can reduce them (Tan et al, 1984; Sevanian and Kim, 1985) .  The 
hydrolysis of fatty acid/lysophospholipid bilayers by phospholipase 
has been observed to be inhibited by a variety of structurally dissimilar 
organic solutes; this indicated that many phospholipase A^ inhibitors act 
by altering the substrate interface, as opposed to directly interacting 
with the enzyme (Jain et al, 1984) .  It can be hypothesised that GSH 
peroxidase activity is induced by its substrate, lipoperoxide: when
phospholipase A^ activity is decreased, due to say a change in membrane 
conformation, the concentration of free peroxides is decreased; GSH
peroxidase activity is subsequently lowered because of a lack of 
substrate induction. Inhibitors of phospholipase activity, such as
that from cobra venum (Davidson et al, 1986)  might be used in future 
experiments to determine whether phospholipase A^ mediates GSH peroxidase 
activity.
L i p o c o r t i n :  C o r t i c o s t e r o i d s  i nduce  th e  s y n t h e s i s  o f  a group  o f  phospho­
l i p a s e  A^ i n h i b i t o r y  p r o t e i n s ,  c o l l e c t i v e l y  c a l l e d  l i p o c o r t i n .  The a n t i ­
i n f l a m m a t o r y  e f f e c t s  o f  s t e r o i d s  may w e l l  be m e d i a t e d  th ro u g h  l i p o c o r t i n  
which p r e v e n t s  the  r e l e a s e  o f  a r a c h i d o n i c  a c i d ,  t h e  p r e c u r s o r  o f  t h e  
e i c o s a n o i d s ,  f rom p h o s p h o l i p i d  membranes ( W a l ln e r  e t  a l , 1986;  Papa e_t 
a l , 1986) .  The s t r e s s ,  a s s o c i a t e d  w i t h  tumour b u r d e n ,  m igh t  ha v e  promoted
an increase in lipocortin which possibly caused the hypothetical 
inhibition of phopholipase leading to decreased hepatic mitochondrial
GSH peroxidase activity.
L i p o c o r t i n  i s  i n a c t i v a t e d  when p h o s p h o r y l a t e d  by p r o t e i n  k i n a s e ,  
such as  t h a t  o f  p l a t e l e t s  (Touqui  e t  a l , 1986) .  I t  h a s  be e n  r e p o r t e d  t h a t  
human l i p o c o r t i n  i s  p h o s p h o r y l a t e d  by t h e  p r o t e i n  k i n a s e  a c t i v i t y  o f  
e p id e r m a l  growth  f a c t o r  (EGF) r e c e p t o r  ( P e p in s k y  and S i n c l a i r ,  1986) .  I f ,  
as  was h y p o t h e s i s e d  e a r l i e r ,  t h e  n e o p l a s t i c  s t a t e  i s  c h a r a c t e r i z e d  by th e  
abundance  o f  growth  f a c t o r  r e c e p t o r s  and a pronounced  s y n t h e s i s  o f  growth  
f a c t o r s  then  t h e  a n t i - p r o s t a n o i d  a c t i v i t y  o f  l i p o c o r t i n  w i l l  be opposed .  
Growth f a c t o r s  might  thus  promote the  s y n t h e s i s  o f  e i c o s a n o i d s  t h rough  
i n h i b i t i o n  o f  l i p o c o r t i n  a c t i v i t y .
I n s u l i n  r e c e p t o r s  have t y r o s i n e  p r o t e i n  k i n a s e  a c t i v i t y :  EGF and 
g rowth  hormone do no t  b in d  to  i n s u l i n  r e c e p t o r s  and i n s u l i n  w i l l  n o t  b in d  
to  EGF r e c e p t o r s ;  o t h e r  p e p t i d e s ,  such as  a n g i o t e n s i n  I I ,  g a s t r i n  and 
c a s e i n  however  can be p h o s p h o r y l a t e d  a t  b o t h  (Cobb and Rosen,  1984) .  I f  
l i p o c o r t i n s  were a l s o  s u b s t r a t e s  f o r  t h e  p r o t e i n  k i n a s e  o f  t h e  i n s u l i n  
r e c e p t o r ,  i n s u l i n  migh t  c o m p e t iv e l y  i n h i b i t  l i p o c o r t i n  p h o s p o r y l a t i o n  and 
t h e r e b y  p r o lo n g  l i p o c o r t i n  a c t i v i t y .  The a n t i c a c h e x i c  e f f e c t s  o f  i n s u l i n  
( s e e  e a r l i e r )  may thus  be m e d ia te d  i n  p a r t  by l i p o c o r t i n s .
Increased Systemic Lipid Peroxidation
H e p a t i c  l i p i d  p e r o x i d a t i o n :  The p r e s e n t  s t u d i e s ,  and o t h e r s  e l s e w h e r e
have  i n d i c a t e d  t h a t  t h e  l i v e r s  o f  t u m o u r - b e a r i n g  mice  may have  an 
i n c r e a s e d  a b i l i t y  to  p roduce  l i p o p e r o x i d e s  ( B o v e r i s  e t  a l , 1985;  P i e r s o n  
and Meadows, 1985;  C h a p t e r  4 ) .  I t  i s  i m p o r t a n t  to  e s t a b l i s h  w h e t h e r  t h i s  
o b s e r v a t i o n  i s  a p p l i c a b l e  to  o t h e r  s p e c i e s  and o t h e r  tumour m o d e l s ,  and 
w h e t h e r  t h e s e  an im a ls  have i n c r e a s e d  h e p a t i c  l i p i d  p e r o x i d a t i o n  i n  v i v o . 
The measurement  o f  e x p i r e d  a l k a n e s  i s  p r o b a b l y  t h e  mos t  s u i t a b l e  method
t o  d e t e r m i n e  m  v i v o  l i p i d  p e r o x i d a t i o n  ( .Chapter  1 ; .  Animals  o r  low oody 
w e ig h t  have  r e l a t i v e l y  p ronounced m e t a b o l i c  r a t e s  and c o r r e p o n d i n g l y  h i g h  
t i s s u e  oxygen c o n c e n t r a t i o n s  and s h o r t  l i f e  e x p e c t a n c y  ( P a rk e  and 
I o a n n i d e s ,  1984b) .  The r a t e  o f  a u t o x i d a t i o n  i n  t h e  l i v e r  o f  v a r i o u s  
s p e c i e s ,  h a s  a  n e g a t i v e  c o r r e l a t i o n  w i t h  t h e  maximum p o t e n t i a l  l i f e s p a n  
( C u t l e r ,  1984) .  C a n c e r - in d u c e d  h e p a t i c  l i p i d  p e r o x i d a t i o n  m igh t  thus  o n ly  
be s i g n i f i c a n t  in  s m a l l  a n i m a l s ,  such as  m ic e ,  and n o t  be e v i d e n t  i n  man.
H e p a t i c  l i p i d  p e r o x i d a t i o n  has  been  r e p o r t e d  to  c a u s e  l o s s  o f  
a c t i v i t y  o f  m ic rosom al  enzymes, such  as  cytochrome P4 5 0 ’ NADPH-cytochrome 
c r e d u c t a s e  and U D P - g l u c u r o n y l t r a n s f e r a s e  (Younes and S i e g e r s ,  1984) .  The 
a b i l i t y  o f  the  t u m o u r - b e a r i n g  h o s t  to  m e t a b o l i s e  a n t i c a n c e r  d r u g s  m igh t  
t hus  be i m p a i r e d  due to  l i v e r  damage, caused  by l i p i d  p e r o x i d a t i o n .  
D i s t u r b e d  l i v e r  f u n c t i o n  in  c a n c e r  p a t i e n t s  m igh t  f a l s e l y  s u g g e s t  t h a t  
t h e r e  a r e  h e p a t i c  m e t a s t a t i c  l e s i o n s  and t h e r e b y  c a u se  i n a p p r o p r i a t e  
t h e r a p e u t i c  d e c i s i o n s .
Anaemia o f  t u m o u r - b e a r i n g  mice :  The anaem ia ,  a s s o c i a t e d  w i t h  c a n c e r ,  i s
sometimes g r e a t e r  t h a n  t h a t  p r e d i c t e d  from the  s i z e  o f  t h e  n e o p l a s t i c  
l e s i o n s ,  o r  f rom f a c t o r s  such as  d e c r e a s e d  ha em oglob in  s y n t h e s i s ,  
i n c r e a s e d  plasma volume or  b l e e d i n g  i n t o  h o l lo w  v i s c e r a  (Busch,  1962) .  A 
p ronounced i r o n  c o n c e n t r a t i o n  has  been  o b s e rv e d  i n  and a round  some r a t  
tumours  ( G r e e n f i e l d  e t  a l , 1958) :  human b r e a s t  tumours  have  be e n  r e p o r t e d  
to  a c c u m u la t e  i r o n ,  and i n  Hodgk in1s d i s e a s e ,  i r o n  d e p o s i t s  a r e  t y p i c a l l y  
s e en  s u r r o u n d i n g  tumour n o d u le s  ( H a l l i w e l l  and G u t t e r i d g e ,  1985) .  
E x p e r im e n t s ,  u s i n g  e r y t h r o c y t e s  c o n t a i n i n g  r a d i o l a b e l e d  i r o n ,  have  
i n d i c a t e d  t h a t  tumours  a r e  a b l e  to  l o c a l i z e  r e d  c e l l s  and d e g r a d e  t h e i r  
c o n t e n t s ,  p r o b a b l y  f o r  t h e  n u t r i t i o n a l  b e n e f i t  o f  t h e  tumour ( P r i c e  and 
G r e e n f i e l d ,  1958; P r i c e  e t  a l , 1959) .  I t  ha s  been  h y p o t h e s i z e d  i n  t h e  
p r e s e n t  s t u d i e s  t h a t  the  anaemia o f  t u m o u r - b e a r i n g  mice m ig h t  have  b e e n  
caused  by o x i d a t i v e  d e s t r u c t i o n  o f  e r y t h r o c y t e s  ( C h a p te r  5 ) .  The r e a c t i v e
oxygen s p e c i e s ,  p o s s i b l y  r e s p o n s i b l e  f o r  t h e  e r y t h r o c y t e  l y s i s ,  may have  
been  g e n e r a t e d  by th e  tumour i t s e l f  o r  by a c t i v a t e d  m acrophages .  The 
d e g r a d a t i o n  o f  e r y t h r o c y t e s  to  p r o v i d e  n u t r i e n t s  was p o s s i b l y  a f u r t h e r  
b e n e f i t  f o r  t h e  Lewis lung c a rc in o m a ,  f u r n i s h e d  by t h e  h y p o t h e t i c a l  
p r o d u c t i o n  o f  f r e e  r a d i c a l  s p e c i e s .
A n t i c a n c e r  Therapy
E a r l i e r  i n  t h i s  c h a p t e r ,  i t  was s u g g e s t e d  t h a t  p o s s i b l e  a n t i c a n c e r
reg im ens  co u ld  i n v o l v e  the  d e p l e t i o n  o f  GSH c o n c e n t r a t i o n  p r i o r  to
t a r g e t t i n g  r e a c t i v e  oxygen s p e c i e s  a t  t h e  n e o p l a s t i c  t i s s u e .  The 
i n v e s t i g a t i o n s  o f  t h e  s y s t e m ic  e f f e c t s  o f  tumours  i n d i c a t e  t h a t  a n t i ­
o x i d a n t  de fence* i n  the  n o n - n e o p l a s t i c  t i s s u e s  Of t h e  h o s t  m igh t  be 
i m p a i r e d ;  t h e r a p y  w i t h  GSH d e p l e t o r s  a n d / o r  oxygen m e t a b o l i t e - p r o d u c i n g  
reg im ens  would t hus  be l i m i t e d  due to  a c o m p a r a t i v e l y  low t h r e s h o l d  f o r  
s y s t e m ic  t o x i c i t y .  C o n v e r s e l y  a t t e m p t s  to  improve th e  p r o g n o s i s  o f  t h e  
t u m o u r - b e a r i n g  an im a l  o r  c a n c e r  p a t i e n t ,  by s u p p l e m e n t a t i o n  w i t h  a n t i ­
o x i d a n t s ,  may be c o u n t e r p r o d u c t i v e  as  t hey  c o u ld  p o s s i b l y  promote  neo ­
p l a s t i c  growth  o r  a b r o g a t e  a n t i n e o p l a s t i c  t h e r a p y .  I t  h a s  been  shown,
however ,  t h a t  the  GSH c o n c e n t r a t i o n s  o f  human lung  a d e noca rc inom a  c e l l s ,  
in  c u l t u r e ,  a r e  s u b s t a n t i a l l y  l e s s  amenable  to  c h e m ic a l  m a n i p u l a t i o n  
( d e p l e t i o n  w i th  BSO; a u g m e n t a t i o n  w i t h  OZT) t h a n  t h o s e  o f  normal  human 
lung f i b r o b l a s t s  (Russo e t  a l , 1986) .  P r e t r e a t m e n t  w i th  OZT, c o n s i d e r a b l y  
p r o t e c t e d  n o n - n e o p l a s t i c  c e l l s  from th e  t o x i c i t y  o f  m e l p h a l a n ,  c i s p l a t i n  
and b l e o m y c in ,  b u t  d id  n o t  a f f e c t  t h e  s e n s i t i v i t y  o f  a d e n o ca rc in o m a  c e l l s  
to  t h e s e  d rugs  (Russo e t  a l , 1986) .  An i n v e s t i g a t i o n  to  d e t e r m i n e  w h e t h e r  
t he  GSH c o n c e n t r a t i o n s  o f  normal  and n e o p l a s t i c  t i s s u e s ,  i n  tumour-  
b e a r i n g  m ic e ,  can be s e l e c t i v e l y  m odu la te d  would be  j u s t i f i e d .
The lymphokines a r e  a new c l a s s  o f  p o t e n t i a l l y  u s e f u l  a n t i c a n c e r  
a g e n t s .  Tumour n e c r o s i s  f a c t o r ,  f o r  example has  p ronounced  a n t i n e o p l a s t i c  
a c t i v i t y  a g a i n s t  many human c a n c e r s  and m ur ine  n e o p l a s i a ,  i n c l u d i n g  B16
melanoma and Lewis lung carcinoma ^wacanaDe ec ai, iyoj; soraura ec ai, 
1986) .  Interleukin 2 (T-cell growth factor) has been reported to cause 
tumour regression in patients with metastatic disease, and in sarcoma- 
bearing mice, but this was accompanied by substantial adverse side- 
effects (Papa et al, 1986) .  Concomitant therapy with cortisone decreased 
the systemic toxicity of interleukin 2, but also lowered its tumouricidal 
activity, mainly due to the suppression of killer cell activation (Papa 
et al, 1986) .  It would probably be worthwhile to determine whether the 
immunosuppressive effects of corticosteroids are mediated by lipocortins: 
if lipocortins do not have a major influence upon the immune response 
they may well have a potential role in the treatment of cancer.
Cancer  t r e a t m e n t  i s  v e r y  o f t e n  more d i s t r e s s i n g  to  the  p a t i e n t  than  
th e  d i s e a s e  i t s e l f ;  c y t o t o x i c  a n t i c a n c e r  t h e r a p y  can be s e l f - l i m i t i n g  due 
to  damage to  normal  t i s s u e s ,  such as  t h e  bone marrow o r  t h e  h e a r t .  The 
p r o g n o s i s  o f  t h e  c a n c e r  p a t i e n t  i s  so r e l a t i v e l y  poor  t h a t  t h e r a p y  w i th  
a n t i o x i d a n t s  o r  a n t i - i n f l a m m a t o r y  a g e n t s  to  c o u n t e r a c t  c a c h e x i a  and the  
s i d e - e f f e c t s  o f  d r u g s ,  i s  wor thy  o f  c o n s i d e r a t i o n .  T h e rap y ,  d e s i g n e d  to  
r e s t o r e  the  f u n c t i o n  o f  n o n - n e o p l a s t i c  t i s s u e s  to  n o rm a l ,  may w e l l  
improve th e  q u a l i t y  o f  l i f e  and w i l l  p o s s i b l y  p ro lo n g  l i f e ;  enhancement  
o f  tumour growth  by such reg imens  i s  a r g u a b l y  an a c c e p t a b l e  r i s k .  There  
i s  l i m i t e d  e v id e n c e  t h a t  a n t i o x i d a n t s ,  u n d e r  some c i r c u m s t a n c e s ,  can 
c a u s e  tumour r e g r e s s i o n  ( s e e  e a r l i e r ) .  Dexamethasone i s  a  s y n t h e t i c  
s t e r o i d ,  u sed  c l i n i c a l l y  to  manage t h e  oedema,  accompanying  t h e  r a d i a t i o n  
t r e a t m e n t  o f  b r a i n  tumours ;  dexamethasone  has  been  r e p o r t e d  t o  ha v e  no 
i n f l u e n c e  upon th e  s e n s i t i v i t y  i n  v i v o  o f  Lewis lung  c a rc in o m a s  to  
r a d i a t i o n  (Agboola e t  a l , 1983) .
The interactions between neoplasia and the host in malignant disease 
are complex. The present studies indicate that antioxidant defence and 
autoxidation have an important role in these relationships, and will
influence anticancer therapy. 
Overall Conclusions
The studies of this thesis have indicated that antioxidant defence 
systems of the transplantable murine tumour, the Lewis lung carcinoma, 
are not substantially different in activity to those of normal tissues: 
the susceptibility of tumour microsomes to lipid peroxidation was 
comparatively low; whereas the concentration of malonaldehyde-like 
material, one of the products of lipid peroxidation, in the carcinoma was 
pronounced. The relative insensitivity of Lewis lung carcinomas to most 
conventional anticancer regimens may well be related to its resistance to 
free-radical mediated injury. It has been further postulated, from these 
observations, that the Lewis lung carcinoma might use reactive oxygen 
species to promote the growth and dissemination of the tumour. To remain 
viable in the presence of oxygen-centred radicals, Lewis lung carcinoma 
cells must be relatively resistant to autoxidative destruction. Much of 
the experimental evidence, supporting this hypothesis, was obtained, 
however, using the TBA test, a method that can produce ambiguous data. 
Clearly, evidence, based on other methodologies, is required before this 
theory can be considered to be tenable.
The observations of pronounced Mn-SOD activity and TBA-reactive 
material concentration in Lewis lung carcinoma tissue conflicted with the 
levels generally reported for other animal tumour models or for human 
neoplasms. This indicates that, at the present time, there is 
insufficient experimental evidence to support any major hypotheses, 
concerning the role of free radicals in the etiology of neoplastic 
disease.
Although the cancer-induced diminution of the catalase activities of 
normal tissues has been known for many years, a systematic investigation
of the major antioxidant defence enzymes of tumour-bearing mice has
p r o b a b l y  n e v e r  been  a t t e m p t e d  b e f o r e .  The p r e s e n t  s t u d i e s  have  shown t h a t  
the  Lewis lung  ca rc inom a  c a u s e s  s e v e r a l  p e r t u r b a t i o n s  o f  a n t i o x i d a n t  
d e f e n c e  enzymes in  t h e  l i v e r ,  b lood  and lungs  o f  t h e  h o s t  m ice .  These 
d i s t u r b a n c e s  may be a s s o c i a t e d  w i t h  e v id e n c e  o f  i n c r e a s e d  l i p i d  p e r o x ­
i d a t i o n  i n ,  a t  l e a s t  the  l i v e r s ,  o f  t u m o u r - b e a r i n g  m ice .  The c a u s e s  o f  
t h e  a b n o r m a l i t i e s  i n  t h e  n o n - n e o p l a s t i c  t i s s u e s  o f ’ m ice ,  b e a r i n g  Lewis 
lung  c a r c in o m a s ,  a r e  unknown: s e v e r a l  c a n d i d a t e s  have  been  s u g g e s t e d ;  i t  
i s  c o n s i d e r e d  t h a t  t h e  changes  in  a n t i o x i d a n t  d e f e n c e  and l i p i d  p e r o x ­
i d a t i o n  p r o b a b l y  r e s u l t e d  from s e v e r a l  f a c t o r s .  F u t u r e  s t u d i e s ,  i n  which 
the  e f f e c t s  o f  l y m p hok ines , p r o s t a n o i d s ,  growth  f a c t o r s ,  hormones (and 
c h e m i c a l s  t h a t  m odu la te  t h e s e  s u b s t a n c e s ) ,  upon m urine  a n t i o x i d a n t  
d e f e n c e  and l i p i d  p e r o x i d a t i o n ,  a r e  w a r r a n t e d .  The p o s s i b l e  e f f e c t s  o f  
n e o p l a s t i c  d i s e a s e  upon a u t o x i d a t i v e  damage and a n t i o x i d a n t  d e f e n c e  i n  
the  t i s s u e s  o f  the  h o s t  cou ld  p o s s i b l y  have  p r o found  i n f l u e n c e  upon th e  
p r o g n o s i s  o f  the  c a n c e r  p a t i e n t  and the  s u c c e s s  o f  a n t i - c a n c e r  t r e a t m e n t .  
The s t u d i e s ,  d e s c r i b e d  in  t h i s  t h e s i s ,  i n d i c a t e  t h a t  f u r t h e r
i n v e s t i g a t i o n  o f  a u t o x i d a t i v e  i n j u r y  and i t s  p r e v e n t i o n ,  i n  o t h e r  a n im a l  
tumour models  and in  c l i n i c a l  c a n c e r ,  may w e l l  p r o v i d e  u s e f u l  i n s i g h t s
towards  the  s u c c e s s f u l  management  o f  n e o p l a s t i c  d i s e a s e .
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68 0 0 .0  NaCl
2 0 0 0 .0  NaHC03
158 .3  NaH2P04 . 2H20
1 0 .0  A denosine
1 0 .0  C y t id in e
1 0 .0  D eoxyadenosine
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1. Dewax in  x y le n e  f o r  3 min.
2. B r in g  s e c t i o n s  to  w a t e r : -
a )  100% w/v e th a n o l  f o r  1 m in.
b )  70% w/v e th a n o l  f o r  1 m in.
c )  50% w/v e th a n o l  f o r  1 min.
d )  D i s t i l l e d  w a te r  f o r  1 m in.
3 . S t a i n  in  h a e m a to x y l in  ( D e l a f i e l d 1s )  f o r  15 m in.
4 .  R in s e  in  t a p  w a te r  f o r  1 m in.
5 . D i f f e r e n t i a t e  in  1% v / v  a c id  a l c o h o l  f o r  5-10 s e c .
6 .  B lue  i n  t a p  w a te r  f o r  1 m in.
7. C o u n t e r s t a i n  in  1% w/v e o s in .
8 .  R in se  in  t a p  w a te r .
9 . D e h y d r a te : -
a )  85% e th a n o l  f o r  30 s e c .
b )  100% e th a n o l  f o r  30 s e c .
c )  100% f r e s h  e th a n o l  f o r  30 s e c .
10. C le a r  in  x y le n e  f o r  30 s e c ,  tw ic e .
11. Mount s e c t i o n  in  DPX (lOg D i s t r e n e - 8 0  in  5ml d i b u t y l p h t h a l a t e  and 35 
ml x y l o l ) .
A ppendix  IVb -  W e ig e r t  and van  G ie s o n f s S t a i n  f o r  C o n n e c t iv e  T i s s u e
(1889)
1. Dewax and b r i n g  s e c t i o n s  to  w a te r  ( s e e  Appendix  IV a ) .
2 . S t a i n  n u c l e i  f o r  7 min in  W e i g e r t ' s  h a e m a to x y l in  (1 :1  m ix tu r e  o f  1%
w /v  h a e m a to x y l in  and 1.2% w/v FeCl^ i n  0 .1  M HCL).
3 .  R in se  in  t a p  w a t e r .
4 . R in se  in  d i s t i l l e d  w a te r  f o r  1 m in.
5 . C o u n t e r s t a i n  w i th  van  G i e s s o n 's  s o l u t i o n  (100ml o f  s a t u r a t e d  p i c r i c  
a c id  p lu s  10ml o f  1% a c id  f u c h s in )  f o r  3 min.
6. R in se  r a p i d l y  i n  d i s t i l l e d  w a te r  f o r  1 m in .
7 . D e h y d r a te : -
a )  90% e th a n o l  f o r  30 s e c .
b )  100% e th a n o l  f o r  30 s e c .  —
c)  100% f r e s h  e th a n o l  f o r  30 s e c .
8 .  C le a r  in  x y le n e  and mount in  DPX.
R e s u l t s
N u c l e i .................................................. .................................brown to  b l u e - b l a c k .
C o l l a g e n ...............................................................................b r i g h t  r e d .
M u sc le ,  c y to p la s m , e r y t h r o c y t e s ,  f i b r i n . . . y e l lo w
1 . Use p l a s t i c  s l i d e  h o l d e r s  and d o u b l e - d i s t i l l e d  w a te r  to  a v o id  
c o n ta m in a t io n  by i r o n .
2. B r in g  s e c t i o n s  to  w a te r .
3 .  T r a n s f e r  to  f r e s h  s o l u t i o n  o f  1 :1  by v o l  o f  2% aqueous p o ta s s iu m
f e r r o c y a n i d e  i n  0 .2  M HC1, f o r  30 min.
4 . Wash th o ro u g h ly  in  s e v e r a l  changes  o f  d i s t i l l e d  w a te r .
5 . C o u n t e r s t a i n  l i g h t l y  w i th  1% n e u t r a l  re d  f o r  20-30 s e c .
6 . R in se  in  d i s t i l l e d  w a te r .
7 . D e h y d ra te ,  c l e a r  in  x y l e n e ,  and mount in  DPX ( s e e  A ppendix  IV a ) .
R e s u l t s
F e r r i c  i r o n - c o n t a i n i n g  p igm en ts b l u e .
N u c le i r e d .
C ytop lasm p in k .
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Superoxide Dismutase Activity, 
Caeruloplasmin Activity and 
Lipoperoxide Levels in Tumour and 
Host Tissues of Mice Bearing 
the Lewis Lung Carcinoma
IFO R  D. CAPEL* and ANDREW C. THORNLEY 
Research Department, Marie Curie Memorial Foundation, The Chart, Oxted, Surrey R H S  0 TL, U.K.
Abstract— Superoxide dismutase (SOD) activity, plasma caeruloplasmin activity and 
the level of whole tissue and subcellular lipoperoxides have been determined in normal 
and neoplastic tissues from control and tumour-bearing mice, measurements being made 
nine, twelve and fifteen days after the inoculation of Lewis lung carcinoma cells. SOD  
activity of host liver and lung tissues did not vary significantly from those of the control 
animals. Blood SOD activity of the tumoured animals was markedly elevated on the 
ninth and twelfth days after inoculation, decreasing to control levels on the fifteenth 
day. Tumor SOD diminished from an activity on the ninth day which was greater than 
that for control lung to a level significantly lower than that for control lung on the 
twelfth and fifteenth days after inoculation. The presence of a tumour did not appear to 
affect plasma caeruloplasmin oxidase levels. The lipoperoxide level of hepatic tissue rose 
significantly as the tumour progressed. In the lung tissue the lipoperoxides decreased 
from a level four times higher on the ninth day to one not significantly different from 
that of the controls. Tumour lipoperoxides were about twice the level of hepatic tissue 
and of the order of ten-fold greater than those of lung. The level of lipoperoxide in the 
plasma of tumoured mice did not differ markedly from that of control mice. Assays of 
lipoperoxide in subcellular fractions of liver, lung and tumour tissue revealed that the 
elevated lipoperoxide was principally synthesized in the endoplasmic reticulum.
IN T R O D U C T IO N
L ipid  p e ro x id a tio n  h as b e e n  im p lica ted  as a 
fe a tu re  o f a la rg e  v arie ty  o f  p a th o lo g ica l co n ­
d itio n s , in c lu d in g  a th e ro sc le ro s is , ag in g , ence- 
p h o m a lac ia , c e ro id  lipo fusc inosis, ch ro n ic  
p a n c rea titis , h aem o ly tic  an a e m ia , iro n  toxicity , 
liver necrosis , lu n g  d a m a g e , o leo n a ly d e  
p o iso n in g , re p ro d u c tiv e  d y s fu n c tio n  a n d  te s ti­
cu la r  a t ro p h y [ l ,  2]. L ip id  p e ro x id a tio n  cou ld  
also be  im p lica ted  in  th e  ca rc in o g en ic  p rocess 
since f re e  rad ica ls  a re  fo rm e d  by th e  ac tiva tion  
o f m an y  c a rc in o g e n s  a n d  in  th e  p ro cess  of 
p h o to c a rc in o g e n es is  [3]. A n tio x id a n ts , ag en ts  
w hich  q u e n c h  o x y g e n -d e riv e d  rad ica ls , have 
b e e n  sh o w n  to  su p p re s s  ca rc in o g en esis  in  
la b o ra to ry  an im als  [4 ,5 ]. In  a d d itio n , it has 
b e e n  w idely  c la im ed  th a t  th e re  is a n  inverse  
c o rre la tio n  b e tw e en  th e  in ta k e  o f  d ie ta ry  
a n tio x id a n ts  su ch  as se len iu m  a n d  th e  in ­
c id en ce  o f v a rio u s  fo rm s  o f ca n c e r  in  h u m a n
A ccepted 25 January 1982.
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pop u la tio n s, suggesting  th a t th e re  could be a 
link betw een  cancer an d  perox ide  
fo rm atio n  [6]. T h e  d am ag ing  actions of perox- 
idized lipids u p o n  cell m em branes, th a t is, p ro ­
tein  po lym erization  an d  cross-linking, phos­
p h o lip id  d eg rad a tio n , po lypep tide  scission and  
chem ical a lte ra tions of am ino  acids could p ro ­
vide th e  basis o f an  hypothesis w hich would 
encom pass the in itiation  of carcinogenesis [7] 
an d  p rov ide  an  exp lana tion  fo r m any of the 
characteristic  biochem ical an d  physical 
p h en o m e n a  of cancer cells.
S u p ero x id e  d ism utase (SOD, EC 1 :1 5 :1 :1 ) , 
which catalyses the d ism uta tion  of superox ide  
an ions to h y d ro g en  p ero x id e , g lu ta th ione  
perox idase  (G SH -Px, E C 1 :1 1 :1 :9 )  an d  catalase 
(E C 1:1 1 :1 :6), w hich reduces h y d ro g en  p e ro x ­
ide a n d  lipoperox ides to w ater an d  fatty  acids 
respectively, have low activities in neoplastic 
tissues [8-12]. In  m easu rem en ts  m ade from  
eigh t h u m a n  colon carcinom a excisions, the 
m ean  m alonaldehyde level (as an  in d ex  of lipid 
perox id a tio n ) was elevated by abo u t 3 |-fold in
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com parison  to n o n -m alig n an t tissue from  the 
sam e colons, b u t SOD an d  G SH -Px activities 
w ere raised  while catalase activity was 
red u ced  [12]. C onversely, o th e r  investigations 
of h u m a n  tum o u rs  indicate th a t SOD activity is 
low [13,14]. T issue from  th e  Lewis lung  car­
cinom a has been  re p o rte d  to have a low activity 
o f SOD an d  G SH -Px, an d  elevated levels 
o f th io barb itu ric  acid-reactive m aterial 
(TA R M )[15, 16]. T h e  increase in TA RM  is 
associated w ith elevated  lipid perox idation  
because the  only substra te  pool available to 
su p p o rt pero x id a tio n  of this m agnitude  is the 
p o ly u n sa tu ra ted  fatty  acid (PUFA) of the in ­
trace llu la r an d  plasm a m em branes of tu m o u r 
cells.
I t  has been  re p o rte d , how ever, th a t 
h y d ro g en  perox ide , a likely p recu rso r of lipo­
p e ro x id e , is no t fo rm ed  in the  m itochondria  of 
neoplastic  tissues [17]. F u rth e rm o re , it has been 
claim ed th a t th e re  is no po ten tia l in vitro for 
p e ro x id a tio n  reactions to occur in anim al 
tu m o u rs  [18], and  th a t m ost tu m o u r cells are 
m uch  less susceptible to lipid perox idation  [19].
T h e  p resence  of a tu m o u r evokes deleterious 
b iochem ical changes w ithin non-cancerous tis­
sues of the  h o s t[20-24]. Mice bearing  the Lewis 
lu n g  carcinom a have been  shown to have 
significantly raised levels of hepatic 
lipop ero x id e  [15].
T h e  p re sen t study investigates the site of the 
p rod ig ious synthesis o f lipoperoxides in 
tu m o u re d  anim als, an d  th e  role of SOD in 
tu m o u r g row th  and  the p ro tec tion  of host tis­
sues from  the  tum our-associated  lipid perox i­
dation .
T h e  T A R M  level in w hole tissue, m itochon­
d ria , endop lasm ic re ticu lum  and  cytosol of 
liver, lungs and  tu m o u r of tu m o u r cell- 
inocu la ted  mice has been  m easured  and  com ­
p a red  w ith  th a t o f saline-inoculated  controls. 
W hole tissues and  red  b lood cells have been 
assayed fo r  SOD activity, an d  the plasm a for 
th e  su p ero x id e  an ion  rad ical scavenger, cae ru ­
loplasm in.
Since tu m o u r g row th  is a dynam ic process it 
is p robab le  th a t th e re  are  con tinuous m etabolic 
changes d u r in g  the  p rog ressio n  of neoplastic 
disease. In  th e  p re sen t study , th e re fo re , the 
tu m o u r an d  host tissues w ere m onito red  on  the 
n in th , tw elfth  and  fifteen th  days a fte r tu m o u r 
inocu lation .
MATERIALS AND METHODS
C hem icals
All chem icals w ere o f th e  h ighest g rade  
com m ercially  available an d , unless stated
otherw ise, w ere o b ta ined  from  Fisons Scientifi 
A p p ara tu s , L o u g h b o ro u g h , Leics, U.K. T h io  
b arb itu ric  acid, C oom assie b lue G, O -dianisi 
dine d ih y d ro ch lo rid e  an d  the  haem oglobi 
d e te rm in a tio n  kit w ere supp lied  by Sigm 
(L ondon) C hem ical Co., Poole, D orset, U.K. 
riboflavin by K och L ight, C olnbrook, Bucks 
U.K.; a n d  potassium  cyanide and  ED T 
(d iam inoethane te tra -ace tic  acid) by Britis 
D ru g  H ouses L td ., Poole, D orset, U.K.
A n im a ls  an d  treatm ent
Male C-57 BL/10 ScSn mice were purchase 
from  B an tin  an d  K ingm an , H ull, Yorks, U.K. 
and  m ain ta in ed  on  exp erim en ta l No. 1 SQC (B 
P. N u tritio n a l) d ie t in h igh  density  polypropy 
lene cages. Lewis lu n g  tu m o u r cells were m ain 
tained by re g u la r  serial in tram uscu lar trans 
p lan ta tio n  in to  one  flank of a syngeneic hos 
every 14 days. W hen  the  anim als had reache 
35 ±  5 g in  w eight, tw en ty -four w ere inoculate 
with fre sh ly -p rep a red  tu m o u r cells in th 
m an n e r prev iously  described  [25], while a fu r 
th e r n ine  m ice w ere inoculated  with phosphate 
buffered  saline (PBS) an d  re ta ined  as controls 
G roups consisting  of e igh t tum our-bearing  an 
th ree  co n tro l m ice w ere killed by decapitatio 
n ine, twelve an d  fifteen  days a fte r  tu m o u r in 
oculation.
B lood was pooled  in to  two groups of fou 
exp erim en ta l anim als an d  one g ro u p  of th re  
contro l anim als on  the day of each killing. T h  
liver an d  lungs o f the  mice w ere rapidly  excised 
th o rough ly  rin sed  in isotonic saline an 
w eighed be fo re  being  hom ogenized  at 10-20 
w/v in ice cold bu ffer contain ing  0.25 
sucrose, 0.1 m M  E D T A  and  Im M  T ris-H C  
(pH  7.4). T h e  tu m o u rs  w ere trea ted  in a simila 
m an n er ex cep t th a t each tu m o u r was divide 
into ap p ro x im ate ly  two equal parts, one hal 
being  hom o g en ized  as above and  the o th e r i 
buffer c o n ta in in g  a 1% w/v bovine serum  al 
bum in  (BSA) additive.
A p o rtio n  o f each  h om ogenate  was re ta ine  
for the w hole-tissue assays, while the rem ainde 
was sep a ra ted  in to  m itochondria l, m icrosom  
and  cytosolic subcellu lar fractions by m eans o 
d ifferen tia l cen trifu g a tio n  [26]. T h e  m itocho 
drial an d  m icrosom al fractions w ere washed i 
buffer a n d  re sp u n , an d  stored  at — 20°C wi 
the cytosols p r io r  to analysis.
Assays
T h e  p ro te in  co n cen tra tio n  of the  subcellula 
fractions was d e te rm in e d  by the m ethod  o 
Spector[27], T u m o u r  m icrosom es and  m it 
ch o n d ria  w ere frac tio n a ted  in buffer containin 
BSA, p re se n t in  o rd e r  to confer ex tra  stabilit
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to the fragile  in trace llu la r organelles o f the 
carcinom a [28].
TA RM  was d e te rm in ed  in whole tissue, in 
m icrospm al, m itochondria l and  cytosolic frac­
tions, and  in plasm a by m eans of a fluorim etric 
assay essentially as described  by Satoh[29]. SOD 
.activity was m easu red  in  whole tissue and  
erythrocytes u sing  the  photochem ical au g ­
m entation assay devised by M isra and  
Fridovich[30]. C aeru lop lasm in  activity of 
pooled plasm a from  con tro l and  experim en tal 
animals was assayed by the  m ethod  of Schosin- 
sky et al. [31].
Statistical analyses
T h e  da ta  ob ta ined  from  individual animals 
were analysed statistically using the un p a ired  
S tu d en ts’ t-test. D ifferences betw een control 
and tu m o u red  anim als w ere considered 
significant w hen P  <  0.05.
Since the  Lewis lu n g  carcinom a originally 
arose spon taneously  as a p rim ary  carcinom a of 
the lung  in a C57 BL/6 m ouse [32], da ta  derived 
from  tu m o u r tissue was arb itrarily  re la ted  to 
tha t of con tro l lu n g  in o rd e r  to provide an 
index of changes in SOD activity and  lipid
p ero x id a tio n  as the  tu m o u r p rogressed . C om ­
parisons betw een  changes in tu m o u r SOD 
activity a n d  tu m o u r g row th  (as estim ated by 
increasing  p e rcen tag e  of body weight) were 
m ade by lin ea r reg ression  analysis.
RESULTS
T h e  SOD activity of liver an d  lun g  tissue 
from  tu m o u re d  m ice d id  n o t significantly differ 
from  th a t o f con tro l anim als. H ow ever, the 
ery th rocy te  SOD activity was raised abou t five­
fold in  th e  tu m o u r-b ea rin g  g roups on  the n in th  
an d  tw elfth  days a fte r  innocu lation . T u m o u r  
SOD activity decreased  from  a n in th  day m ean 
value slightly g re a te r  th an  th a t of contro l lung  
to activities significantly low er th an  those of 
con tro l lu n g  on  the  tw elfth  an d  fifteen th  days 
(see T ab le  1). L inear reg ression  analysis 
show ed th e re  to be a negative correlation  
coefficient on  0.94 betw een SOD activity and  
tu m o u r g row th .
T h e  se ru m  caeru lop lasm in  levels of the 
tu m o u re d  mice d id  n o t d iffer significantly from  
those o f the  contro ls. T h e  w hole-tissue TA R M  
levels a re  given in T ab le  2. T h e  presence of a 
tu m o u r significantly raised the concen tra tion  of
T a b le  1. S u p e r o x i d e  d i s m u t a s e  a c t i v i t y  in  t u m o u r  ti s s u e , a n d  in  l u n g ,  l i v e r  a n d  e r y th r o c y te s  o f  c o n t r o l  a n d  L e w i s  l u n g
c a r c i n o m a - b e a r i n g  C -57 B L /1 0  m ic e
Duration  
after 
inoculation  
o f tum our 
cells (days)
Liver
Control T um oured
Lung
Control T um oured T u m ou r
Erythrocyte* 
C ontrol T um oured
9
12
15
7.8 ± 0 .5  7.4 ± 1 .3
7.7 ± 1 .0  7.3 ± 1 .1
7.7 ± 0 .6  8.3 ± 1 .2
1.8 ± 0 .4  1.7 ± 0 .6  
1.4 ± 0 .2  1.6 ±  0.8 
1.6 ± 0 .3  1.8 ± 0 .2
2.3 ± 0 .7  
0.67 ±  0 .18f 
0.29 ±  0.18t
2.2 8.0, 13.3 
2.0 10.3, 8.8 
.. 2.1 3.9, 3.0
Results represent the m ean ±  S.D. o f individual observations o f 3 control and 8 tum our-bearing m ice, expressed  as units 
X 105/g  wet wt. tissue.
•Erythrocytes pooled from  3 control and 2 x 4  tum our-bearing mice, the results being  expressed as u n its/m g haem oglobin. 
■(•Significantly different from  controls (P.B.S. injected) for P  < 0 .0 5 . (T u m ou r tissue com pared with control lung.)
T a b l e  2. T h i o b a r b i t u r i c  a c i d - r e a c t i v e  m a t e r i a l  i n  t u m o u r  tis s u e , a n d  i n  l i v e r ,  l u n g  a n d  p l a s m a  o f  c o n t r o l  a n d  L e w i s  l u n g
c a r c i n o m a - b e a r in g  C -57 J3L/10 m ic e
D uration  
after 
inoculation  
of tum our  
cells (days)
Liver
C ontrol T um oured
Lung
Control T um oured T u m ou r
Plasma*
C ontrol T um oured
9
12
15
87.3 ± 1 9 .6  114.2 ± 2 9 .5  
62.0 ± 2 6 .5  215.7 ± 6 6 .9 f  
64.8 ±  10.7 252.9 ±  9 6 - lf
12.0 ± 1 .3  50.6 ±  19.7f
13.0 ±  1.7 2 6 .9 ± 9 .0 f  
10.3 ±  1.4 11.3 ±  3.1
133.1 ± 5 5 .8 f  
124.9 ± 5 4 .1 
153.4 ± 4 3 .8
2.70 1.60,1.74  
1.45 1.88,1.90  
2.17 2.17,1.42
Results represent the m ean ±  S.D. o f individual observations o f 3 control and 8 tum our-bearing m ice, expressed as nm ol 
m alonaldehyde/g  wet wt. tissue.
•Plasm a pooled  from 3 control and 2 x 4  tum our-bearing mice, expressed  as nm ol/m l.
■(■Significantly different from  control (P.B.S. injected) for P <  0.05. (T u m ou r com pared with control lung.)
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perox id ized  lipid in liver an d  lu n g  b u t no t in 
the  plasm a. T u m o u r  T A R M  was of the  o rd e r 
o f ten-fold an d  tw o-fold respectively h ig h er 
th an  th a t o f lu n g  an d  liver. T h e  hepatic  lipo­
perox ide  level of the  tu m o u r-b ea rin g  mice 
ten d ed  to rise as the  tu m o u r p rogressed , 
w hereas p u lm o n ary  lipoperox ide  decreased  
fro m  a significantly elevated  level n ine days 
a fte r in jection  to th e  con tro l level by the 
fifteen th  day.
TA R M  from  m icrosom al fractions of 
tu m o u r, an d  host liver an d  lu n g  was con ­
sistently an d  significantly increased  (Fig. 1). O n  
the  n in th  day a fte r  tu m o u r cell inoculation  
m itochondrial T A R M  was significantly h ig h er 
in  hepatic  tissue b u t n o t in pu lm o n ary  tissue, 
while tu m o u r m itochondria l TA R M  was 
significantly h ig h e r th an  th a t o f control lung  
(Fig. 1). Cytosolic T A R M  in the tu m o u r was 
significantly h ig h e r th an  th e  TA R M  level of 
contro l lu n g  cytosol a t all th ree  intervals of 
m easu rem en t (Fig. 1).
DISCUSSION
In  the p re sen t study  the Lewis lun g  car­
cinom a had  no effect u p o n  liver and  lung  SOD 
activity: the  e ry th rocy te  enzym e level was 
raised while tu m o u r SOD decreased  as the 
carcinom a grew  in size.
T h e  activity of e ry th rocy te  SOD was 
presum ably  raised  in response  to elevated
. lung_
m i t o c h o n d r i a
-h rfn
12 15
M I C R O S O M E S
★
■=v—Flh— f r r T T h
3 12 15 3 12 1 5 9 12 15
D U R A T I O N  A F T E R  T U M O U R  C E I L  I N O C U L A T I O N  
( O A T S )
F ig . 1. S u b c e llu la r  lip o p e ro x id e  leve ls  in  liv e r , lu n g  a n d  tu m o u r  
tissu e  o f  C -57 B L I 10 m ic e  a t  v a r io u s  in te r v a ls  a fte r  in o c u la tio n  
w ith  L e w is  lu n g  c a r c in o m a  cells. V a lu e s  expressed  as percen tages  
o f  con tro l v a lu e  (d o tted  l i n e ) o n  th e  s a m e  day. ★ S ig n ific a n tly  
d if fe r e n t f r o m  c o n tro l f o r  P <  0.05 ( tu m o u r  co m p a red  w ith  co n tro l  
lu n g ) .
levels o f su p e ro x id e  anions ("O 2). I t is possibl 
th a t ‘O 2 an d  o th e r  active oxygen in te rm ed ia te  
could a ttack  an d  lyse re d  b lood cells, resu ltin  
in the  characteristic  anaem ia of cancer. T h  
'O i  ions cou ld  be released  e ith e r by activate 
m acrophages [S3], by the  b reakdow n  o f oxy 
haem oglob in  o r, alternatively , by tu m o u r cell 
them selves. Single i.v. o r  i.m . in jections of SO 
have b een  d em o n stra ted  to increase th e  lif 
expectancy  o f anim als w ith E hrlich  ascite 
tu m o u r cells o r  Sarcom a 180 tum o u rs  [8]. Sine 
SOD can n o t e n te r  the cell, this effect m ust b 
due  to th e  scavenging of ex tracellu lar ‘O 2 .
T h e  dec reasin g  tu m o u r SOD w hich wa 
associated w ith  tu m o u r grow th  m ay hav 
resu lted  fro m  end  p ro d u c t inh ib ition  by con 
tinually increasing  levels o f hydroge 
perox ide  [34, 35]. E levated h y d ro g en  peroxid  
could in  tu rn  have been  the resu lt of the  lo 
G SH -Px activity of the  Lewis lun  
carcinom a [15].
T h e  caeru lop lasm in  level in the plasm a o 
tu m o u red  m ice d id  no t ap p e a r to d iffer fro 
tha t o f th e  con tro l anim als. H ow ever, th 
observed level (0.024 ±0.007 units/m l plasm a) i 
very low in com parison  to o th e r species; only 
ten th  o f the  activity norm ally  reco rded  fo 
h u m an  an d  ra t plasm a. It is probable , there  
fore, th a t in  mice caeru loplasm in  has a rela 
tively sm all ro le as an  oxygen radical scavenge
T h e  p re se n t study indicates th a t there  was a 
increase in the  level o f TA R M  in at least tw 
d ifferen t o rgans, nam ely  liver and  lung  o 
tu m o u r-b ea rin g  mice. In  add ition , the level o 
TA RM  in the  tu m o u r itself was rem arkab l 
high. T h e  elevated T A R M  was presum abl 
lipoperox ide  an d  a p p ea red  to b 
p red o m in an tly  synthesized in the endoplasm i 
reticu lum  o f the tissues concerned . I t woul 
thus a p p e a r  from  these observations th a t th 
source o f the  increased  fo rm ation  of perox  
dized lip id  was the iro n -d ep en d en t, NADP 
linked cytoplasm ic system of the endoplasm i 
reticu lum  [36] ra th e r  th an  a m ore genera l no 
enzym ic process.
T h e  elevated lipoperox ides in the liver an  
lungs o f tu m o u re d  m ice are  no t necessar 
p ro d u ced  by the sam e m echanism s as in th 
tu m o u r, a lth o u g h  th e re  w ere sim ilarities in th 
subcellu lar d is tribu tion  of T A R M . T h e  antio  
idan t enzym es of host tissues, in com m on wi 
those of tu m o u r tissues, have been  rep o rted  t 
have relatively low activities [35, 37,38]. H epa 
catalase [37,38] an d  SOD are  particu lar 
dep ressed  in tu m o u re d  anim als [35]. T h u  
oxygen-derived  radical species, such as supero  
ide ( 'O 2), sing let oxygen ( ^ j  an d  hydroge 
perox ide  (H 20 2), m ay be involved in  the  el
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vation of lipop ero x id e  w ith in  bo th  neoplastic 
and  host tissues. Active oxygen in term ediates 
could possibly catalyse the  fo rm ation  of an  active 
iron  species, fo r exam ple  p e rfe rry l iron, 
F e 0 2+[36], w hich could itself initiate an  increase 
in endoplasm ic lipid p e rox ida tion .
T h e  results o b ta ined  w ith tu m o u r tissue p ro ­
vide som e evidence fo r a recen t hypothetical 
m odel fo r cancer [35] w hich suggests th a t a 
change in D N A , o r  its expression , in the  stem 
cell results in the  loss of SOD and  the ensu ing  
increase in  0 2 and  H 20 2 p roduces a rise in the 
cyclic GMP/cyclic AM P ratio  and  in tracellu lar 
glucose, which in  tu rn  inhibits o r represses 
catalase an d  G SH -Px. T h is red u c tio n  in 
an tiox idan t d efence  enzym es of tu m o u r cells 
and  concom itan t bu ild -u p  of active oxygen in­
term ediates w ould lead  to elevated lipoperox ­
ide levels, as was observed.
I t was p ro p o sed  as long  ago as 1947 tha t 
there  is a tendency  fo r  the  tu m o u r to influence 
enzym e systems of the  tu m o u r-b ea rin g  anim al 
to becom e like those o f the  tu m o u r itself [21]. 
T h u s, tu m o u rs  m ay red u ce  the capability of the 
host tissues to com bat toxic oxygen-derived 
species an d , as a resu lt, th e re  is an  increase in 
the lipoperox ide  levels in the non-neoplastic 
tissues.
T h e  rise in hepa tic  and  pu lm onary  lipo­
peroxide in mice b ea rin g  the Lewis lun g  car­
cinom a could be the re su lt of o th e r phenom ena 
such as stress [39] o r cell-m ediated 
im m u n ity [40], w hich arise as a consequence of 
tu m o u r invasion. F u rth e rm o re , lipid p e ro x id a ­
tion could be p ro m o ted  by an  increase in host
tissue p o ly u n sa tu ra ted  fatty  acid (PUFA). A rise 
in to tal a n d  n e u tra l lipids in hepatic  m icro­
som es o f ra ts  w ith benzo(a)pyrene induced  
sarcom as has b een  re p o rte d  [41].
In  th e  p re se n t ex p erim en t, pu lm onary  lipo­
p e ro x id e  levels decreased  from  an  originally  
e levated  level as th e  tu m o u r grew, thereby  in ­
d ica ting  th a t the  lu n g  has an  an tiox idan t fac­
to r s )  th a t is e ith e r absen t o r  in fe rio r in hepatic  
tissue. T h e re  is a recen t re p o rt o f cytosolic 
factors, p re se n t in  th e  lu n g  b u t no t in the  liver, 
w hich can  inh ib it bo th  enzym ic an d  non- 
enzym ic lip id  p e ro x id a tio n [42]. L un g  tissue is 
m uch  m o re  resis tan t to p erox ida tion  th a n  m ost 
o th e r  tissues, a resistance th a t correlates well 
w ith th e  relatively h ig h  vitam in E to PUFA 
ratio  [43].
M any agen ts cu rren tly  in  use fo r cancer 
th e rap y  act by ra ising  the levels of active 
oxygen in te rm ed ia te s  w ithin the cell and  are  
p resu m ab ly  selective against neoplastic cells due  
to th e ir  relatively inadequa te  an tio x id an t 
d e fen ce  system s [8]. M any cytotoxic chem icals 
raise th e  c o n ten t o f lipoperox ide in liver and  
o th e r  n o rm al tissues [44]. Should  the elevated 
p ro d u c tio n  of lipoperox ide  in bo th  neoplastic 
and  n o rm a l tissues be a characteristic  com m on 
to all o r  m any  types of cancer, it is possible th a t 
c h em o th e rap eu tic  agents will exacerbate  
p e rox ida tive  d am ag e  in the  non -m alignan t tis­
sues of cancer patien ts. E lucidation  of the re la ­
tionsh ip  betw een  tu m o u r grow th an d  lipid 
p e ro x id a tio n  could  prov ide an  alternative a p ­
p ro ach  to the  con tro l of neoplastic disease.
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LIPOPEROXIDE LEVELS, GLUTATHIONE STATUS AND 
GLUTATHIONE PEROXIDASE ACTIVITY IN LIVER 
AND TUMORS OF MICE BEARING THE 
LEWIS LUNG CARCINOMA
IF O R  D. C A P E L t and ANDREW  C. T H O R N LEY
Research Department, Marie Curie Memorial Foundation,
The Chart, Oxted, Surrey, RH8 0TL, U.K.
L ipoperoxides, glutath ione status and glutathione peroxidase activity have been determ ined in norm al and  
neoplastic tissues o f  control and tum or-bearing m ice, tissues from both groups being assayed 5, 7 , 9, 1 1 ,1 3  and  
15 days after in ocu lation . The ratio o f  hepatic reduced :oxidized glutathione increased in tum or-bearing anim als 
as the tum or increased in size. This ratio was 2.5-fold higher at 15 days than at 10 days after tum or in ocu lation . 
In both tum or and hepatic tissue the alteration in the ratio was the result o f  both  an increase in  reduced gluta­
thione and a decrease in oxidized glutathione levels. In tum or tissue the progressively increasing reduced  
glutathione con ten t correlated closely with tum or growth. The presence o f  a tum or did n o t significantly  
affect hepatic glu tath ione peroxidase activity and there was no significant difference betw een tum or enzym e 
activity assayed at 2-day intervals between 9 and 15 days after inoculation . T he livers o f  tum or-bearing anim als 
had significantly higher lipoperoxides than control m ice, the levels increasing progressively w ith  tum or growth. 
Tum or lipoperoxides were also high, usually in excess o f  the hepatic level. The lungs o f  nontum ored  litter- 
m ates, w hich w ere com pared with the carcinom a as reference tissue, show ed  no significant change in either 
glutathione peroxidase activity or lipoperoxide levels when m onitored over the sam e period.
IN TRO D U CTIO N
Lipoperoxides (lipohydroperoxides, lipid hydro­
peroxides) are the highly toxic substances whose 
formation may be induced when tissues are insulted 
with various xenobiotics (Di Luzio, 1975; Plaa and 
Witschi, 1976) or as a consequence of the enzymic 
“detoxication” of highly toxic activated oxygen 
species (Kellog and Fridovich, 1975, 1977). An 
obvious toxic consequence of the presence of 
elevated lipoperoxide levels is the degradation of 
cellular membranes. Recent reports indicate that 
hydrogen peroxide and lipoperoxides may cata­
lyze nonenzymatic oxidation of arachidonic acid 
forming biologically significant “ prostaglandin­
like” endoperoxides (Carpenter, 1980; Fridovich 
and Porter, 1981). The cellular antioxidant defense 
enzymes comprise superoxide dismutase (SOD, EC 
1:15:1:1), glutathione peroxidase (GSHPx, 
EC 1:11:1:9) and catalase (EC 1:11:1:6). The 
SOD, in reducing superoxide species, forms 
hydrogen peroxide which is, in turn, detoxified by
fT o  w hom  all correspondence shou ld  be addressed.
either GSHPx or catalase. The levels o f these 
enzymes have been determined in a num ber of 
human and experimental tum ors with conflicting 
results. Elevated GSHPx levels in hum an 
neoplastic tissues have been reported (Baur and 
Wendel, 1980). The m ajority o f experimental 
studies suggest tha t the level o f this enzyme is 
generally low in tum ors and tha t catalase is almost 
totally absent (Bozzi et al., 1979; N athan  et a i ,  
1980). This experiment examines the levels o f 
GSHPx and its principal substrate, thiobar- 
biturate-reactive material (lipoperoxides) in a model 
murine tum or a t intervals after im plantation. The 
availability of the coenzyme for GSHPx activity, 
reduced glutathione (GSH), was also estimated by 
determination o f the ratio o f reduced: oxidized 
glutathione (GSSG) in both  tum or and hepatic 
tissue.
M ATERIALS A N D  M ETH O D S 
Chemicals
M alonaldehyde (bis[dimethyl acetyl]) was p u r­
chased from Aldrich, Gillingham, Dorset. Oxidized
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and reduced glutathione, 2-thiobarbituric acid, 
5,51-dithiobis(2-nitrobenzoic acid), DTNB, Coom- 
assie Brilliant Blue G, glutathione reductase 
(E C  1 :6 :4 :2 )  and superoxide dismutase were 
obtained from  Sigma Chemical Co., Poole, 
Dorset. All other reagents used were of the purest 
grades available and obtained from either Fisohs, 
Loughborough, Leics., or BDH, Poole, Dorset. 
U .K .
Animals and Treatment
M ale C57 BL/lOScSn mice were obtained from 
Bantin and Kingman, Hull, Yorks and maintained 
on R  & M  experimental No. 1 SQC diet (BP 
N utritional). The animals were housed in groups of 
20 in high density polypropylene cages on sterilized 
sawdust beddine at a constant temperature of 21 — 
1°C.
On attaining a weight of 22 g (aged 14 weeks) 
mice were inoculated intramuscularly with 0.5 ;< 10 
freshly prepared cells (in phosphate buffered saline 
0.2 ml) from  a Lewis lung carcinoma which had 
been m aintained by regular passage in syngeneic 
hosts at 10-day intervals. Control mice were 
injected with an equivalent volume of saline only. 
Groups of tumor-bearing and control mice were 
sacrificed by cervical dislocation 5, 7, 9, 11, 13 and 
15 days after inoculation of the tumor-bearing 
animals. N ontum ored littermates (saline injected) 
were sacrificed at the same time intervals in order 
tha t the lung tissue could be analysed for com­
parison with the carcimoma. Lung, liver (and 
tum ors where appropriate) were excised immediately 
washed in isotonic ice-cold saline, weighed and 
homogenized in 1.15% KC1 (20% w/v).
Assays
H epatic, pulm onary and tu'mor glutathione per­
oxidase were estimated in the manner previously 
described (Capel et al., 1980). Tissue lipoperoxides 
were determ ined in the manner described by Satoh 
(1978). Reduced and oxidized glutathione were 
estim ated essentially as described by Griffith (1980) 
except th a t the tissues were extracted in 1.67% 
m etaphosphoric acid, the final reaction mixture 
comprising 700 /d of 0.3 mM  N A D PH  in EDTA- 
containing 0.125 M sodium phosphate buffer 
(pH  7.5), 100 /U of 6 mM DTNB, 100 /d of 0.4 M 
N a 2H P 0 4 , 100 jd of tissue extract and 10 /A of 
glutathione reductase (equivalent to 0.5 Sigma 
enzyme units). Tissue protein content was deter­
mined by the m ethod of Spector (1978) with t 
Coomassie blue protein dye.
Statistical Analyses
Statistical comparisons of observed differenc 
between control and tumor-bearing animals wer 
made by unpaired Student's t test, results wer 
considered significant when P < 6 .05 . Compariso 
between the changing ratio of GSH/GSSG an 
tum or growth (as estimated by increasing w 
weight) was made by linear regression analysis.
RESULTS
T um or GSHPx activity and also the hepatic level 
this enzyme in normal and tumor-bearing animal 
are given in Table I. The presence of a growing tumo 
produced no significant change in hepatic GSHP 
levels and the tum or level of this enzyme did n 
change significantly as the tum or increased in siz 
The GSHPx activity of control lung tissue wa 
approximately 10% of control liver but is approxi 
mately twice that of tumor tissue. In contr 
animals there was no significant variation in th 
GSHPx activity over the same period (15 day5: 
during which the tumored animals were monitore 
The average hepatic GSHPx of the tumored animal 
was always lower than the control mean b 
because of the large experimental variation th 
differences did not consistently reach statistic 
significance. The ratio of GSH/GSSG was i 
creased in the livers of the mice with increasing tim 
after inoculation of the tumor whereas this rati 
showed no significant variation in the livers o 
control animals (Table II). The livers of tumore 
animals examined 11, 13 or 15 days after tumo 
inoculation generally had significantly lower GSS 
concentration than hepatic tissue examined 
earlier intervals after implantation. Conversely, th 
GSH levels were generally higher than thos 
examined 5 days after tumor implantation. Th 
increased ratio of tum or GSH/GSSG is mor 
m arked than the change in the hepatic levels (Tabl 
III). A  direct correlation (r= 0.99) between th 
increasing ratio of GSH/GSSG and the increasin 
weight of the tum or was observed. Thus, measure 
a t 2-day intervals between 9 and 15 days afte 
im plantation, GSSG decreased progressively t 
67 % of the average 9-day level at day 1 
whereas the average GSH level increased to 146° 
over the same period. Hepatic lipoperoxide leve
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T A B L E  I
G lutath ione peroxidase activitya in tum or tissues and the livers and lungs o f  control and  
Lewis lung carcinom a-bearing mice
D ays after 
tum or  
inoculation
H epatic tissue
Control 
lung tissueControls Tum or-bearing T um or tissue
5 /  8809 ± 3 6 4 7583 ± 3 4 5 — 748 ± 6 7
7 9407 ± 3 9 8 7778 ± 2 1 2 — 755 ± 7 5
9 9 1 0 7 ± 2 2 3 7658 ± 5 9 9 361 ± 2 0 695 ± 6 1
11 8977 ± 3 1 6 7829 ± 3 0 6 361 ± 2 2 775 ± 5 3
13 9209 ± 3 2 9 7322 ± 4 6 0 379 ± 2 8 7 1 4 ± 7 3
15 9097 ± 2 8 4 8 0 9 4 ± 5 1 2 342 ± 4 8 765 ± 6 5
aExpressed as enzym e units/g wet w eight tissue.
R esults indicate the mean — S.E .M . for individual assays on groups o f  6 control and 6 
tum or-bearing mice at each time interval.
—  Q uantity o f  tissue too small for assay.
Difference between control and tum or-bearing mice not significant (P > 0 .0 5 ) .
T A B L E  II
The glutathione status o f  the livers o f  control and tum or-bearing mice
D ays after 
tum or 
inoculation
Controls Tum or-bearing
G SSG G SH
Ratio
G SH /G SSG G SSG G SH
R atio
G S H /G S S G
5 143 — 10 5 3 9 2 -3 2 8 38 126— 12 3 6 2 2 - 2 8 7 38
7 1 7 1 -1 3 5 3 9 5 -2 1 7 33 146 ±  8 5565 ± 3 1 5 * 38
9 1 1 5 - 9 6 3 9 9 -3 9 3 56 1 2 1 - 9 5 1 3 2 -2 0 3 * 43
It 1 5 6 - 2 4 5 1 8 5 -2 9 5 34
*II
CO 4 2 0 7 - 1 4 9 49
13 93 — 13* 5094 ± 2 1 5 54 8 4 - 4 * 4 947  ± 3 2 5 * 59
15 120 ± 9 6 1 3 6 -2 5 7 51 95 ±  5* 7133 ±  341 * 82
All values expressed as n mol G S H  or G SSG /g wet weight tissue.
R esults are m e a n ± S .E .M . for 6 control and 6 tum or-bearing animals at each time interval. 
*Siguificantly different from  the respective day 5 value P <  0.05.
were higher in tumor-bearing animals and increased 
progressively with tum or growth to over twice the 
level in tum or free animals at 13 and 15 days after 
inoculation. The tum or lipoperoxide level was also 
consistently high (approximately twice the level of 
control liver) at the time intervals when it could be
measured, but there was no significant variation in 
the levels measured at successive time intervals 
(Table IV).
There was no significant variation in control 
lung lipoperoxides m onitored a t the various 
intervals indicated in Table IV. The lipoperoxide
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TA B L E  III
T he grow th and glutathione status o f  Lewis lung carcinom a tissue at various in tervals after in ocu lation
D ays
after
in ocu lation
M ean
body
w t.(g)
Mean
tumor
wt.(g)
T u m or/
body
wt.(% ) G S S G a G S H a
R atio  
G S H  /  
G SSG
9 2 7 .4 + 1 .6 0 .6 4 = 0 .1 7 2 .3 + 0 .6 2 8 6 ± 6 6 8 6 ± 8 6 7
11 2 6 .9 ± 1 .1 0 .8 6 = 0 .1 9 3 .2 ± 0 .7 3 7 1 + 6 7 4 9 + 1 7 2 10
13 2 5 .6 + 1 .1 1 .2 3 = 0 .2 5 4 .8 + 0 .9 6 6 4 ± 8 820 ± 1 0 6 13
/■
15 26.2 +  2.8 1 .52 = 0 .3 1 5.8 +  1.1 58 =  11 1003 +  153 17
aV alues expressed as n m ol/g  w et w eight tissue.
R esults indicate mean —S .E .M . for 6 mice at each tim e interval.
C orrelation between tum or grow th, expressed a % o f  b od y  w eight and ratio o f  G S H /G S S G  by linear  
regression analysis (r = 0 .9 9 ).
TA B LE IV
L ipoperoxide levels1 in tum or tissue and the livers and lungs o f  control and Lew is lung
carcinom a-bearing m ice
D ays after 
tum or 
inoculation
H epatic tissue
T um or tissue
C ontrol 
lung tissueC ontrol Tum or-bearing
5 79.3 +  10.4 94.4 =  9.4 —
©-H
7 8 6 .0 = 1 0 .3 GO
 
GO
 
1
II 
|
bo
| i
— 1 0 .9 ± 0 .3
9 8 5 .3 + 9 .4 114.8 =  10.2 1 8 0 .4 ± 3 7 .4 1 2 .0 ± 0 .6
11 86.0 =  11.5 123.1 =  11.4 146.6 ±  19.8 13.1 ± 0 .6
13 8 5 .6 =  12.9 156.6 =  24.3* 1 5 0 .0 ± 2 8 .7 1 0 .6 ± 0 .5
15 86.1 ± 1 6 .4 228.9 =  37.1* 1 7 7 .9 ± 2 4 .5 1 0 .3 ± 0 .7
aExpressed as nm ol o f  thiobarbituric acid reactive m aterial/g  w et w eight tissue. 
R esults expressed as m ea n s± S .E .M . for 6 anim als in each group.
—  Q uantity o f  tissue to o  sm all for assay.
*Significantly different from  control ( P < 0.05.)
levels o f control lung tissue were much lower 
(approximately 13%) of control liver and rep­
resented an even smaller fraction (approximately 
7% ) of the level o f tum or tissue. Comparisons 
between the carcinom a and control lung tissue 
were made because the Lewis lung carcinoma 
originally arose as a spontaneous primary carci­
nom a of the lung in a C57BL6 mouse. With
respect to the param eters investigated in th 
experiment, however, there is little resemblan 
between the tum or and the tissue from  which 
originated. The results obtained with control lu 
tissue confirm  that spontaneous fluctuations in t 
lipoperoxide and G SHPx levels of the ord 
observed in the tum ored mice do not occur spo 
taneously in control animals.
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DISCUSSION
Rapidly growing normal tissues such as fetal or 
neonatal and regenerating liver are characterized by 
the lack of oxidation products such as lipoperoxides 
and there have been reports o f a similar situation 
existing in tum or cells (Player et al., 1977, 1979). 
The results of the present experiment contradict 
this, adding further evidence to the reports that 
lipoperoxide levels are greatly elevated in neoplastic 
tissues (Baur and Wendel, 1980; Burbina and Nej- 
fakh, 1970; Burlokova and M olochkina, 1973). The 
present study differs from  those previously conduc­
ted in that using a model tum or the lipoperoxides 
and principal constituents of the glutathione anti­
oxidant defense system are monitored at intervals 
during growth.
The presence of a tum or resulted in a pro­
gressive increase in hepatic lipoperoxide, to a level 
greater than that of the neoplastic tissue, when the 
tumor had reached its most advanced state. This is 
in agreement with previous reports o f elevated 
lipoperoxides in the tissues of tumor-bearing hosts 
(Burbina and Nejfakh, 1970; Burlakova and 
Molochkina. 1973). The origin of the elevated 
lipoperoxides observed in the present experiment is 
uncertain: these substances are usually the response 
to oxidant stress, chemical insult or possibly 
anaphylaxis (Di Luzio, 1973; Plaa and Witschi, 
1976; Pelus and Strausser, 1977). The progressively 
increasing hepatic lipoperoxides could reflect the 
host's immune response to the presence of the 
growing tumor or the toxicity of the products 
excreted by the tumor. It is unlikely that the 
hepatic lipoperoxides originated from the tumor 
since no increase in the blood level of these sub­
stances has been observed (unpublished result).
The increased turner lipoperoxides could orig­
inate from increased hydrogen peroxide, the result 
of elevated SOD activity (Baur and Wendel, 1980). 
Excess hydrogen peroxide can, reportedly, catalyze 
lipoperoxide production (Kellog and Fridovich.
1977). A number of studies (Bozzi et al, Peskin etal.. 
1979; Oberley and Beuttner, 1979), including one 
conducted in this laboratory, using this same model 
tum or (manuscript in preparation) demonstrates 
decreased copper- and zinc-dependent SOD and 
almost negligible manganese-dependent enzyme in 
this murine carcinoma. The most likely cause of 
the elevated tum or lipoperoxides is, therefore, the 
low assayable GSHPx activity. In the present study 
hydrogen peroxide was used as a substrate to esti­
mate GSHPx activity, indicating the level of the
selenium-dependent enzyme (Lawrence and Burk,
1978). Although decreased selenium is often 
associated with the presence o f tumors in the 
clinical situation (Burk, 1976), such observations 
are complicated by the tum or treatm ent as well as its 
presence (Broghamer et al., 1978; Robinson et a l ,
1979). Growing tum ors concentrate this trace 
element (Cavalieri et al., 1966), so tha t it is unlikely 
that tumor GSHPx activity is limited by selenium 
deficiency. Since tum ors lack appreciable catalase 
activity (Baur and Wendel, 1980; Bozzi et al., 1979; 
McCay et. al, 1976), the very low GSHPx activity 
should result in increased hydrogen peroxide and 
lipoperoxide levels. A num ber o f experiments have 
tried to exploit this apparent lack of antioxidant 
defense for tum orcidal therapy. A recent study 
conducted on a num ber o f differing murine tumors 
correlated their sensitivity to exogenous hydrogen 
peroxide with their GSHPx activity (N athan et al.,
1980). Since in the present experiment the tum or 
lipoperoxides are consistently high even in the first 
intervals after im plantation, it is possible that the 
degenerate tum or cells have less need of com part- 
mentalization and can thus tolerate the toxic action 
the lipoperoxides would exert on their membranes. 
The elevated lipoperoxides might also influence 
pharmacological actions which could affect tum or 
growth rate. Hydrogen peroxide and lipoperoxides 
can catalyze arachidonic acid oxidation and also 
stimulate the action of cyclo-oxygenase (Kellog and 
Fridovich. 1975; Carpenter, 1980), the enzyme 
chiefly responsible for oxidation of this substance. 
Thus, the lipoperoxides could lead to unscheduled 
formation of prostaglandins and other biologically 
significant substances.
The most paradoxical aspect o f the low tum or 
GSHPx is the high level o f substrates (lipoperoxides) 
and coenzyme (GSH) availability. In the present 
study GSH/GSSG ratio in the tum or correlates 
directly with tum or growth, indicating an im portant 
or even essential role in this process. It is possible 
that a deliberately low GSHPx, however controlled, 
prevents usage of GSH and so aids the increasing 
GSH/GSSG ratio. A high GSH content could 
influence amino acid uptake (Meister, 1975), and 
also stimulate protein and D NA synthesis (Kosower 
and Kosower, 1978), typical o f tum or cell m etab­
olism (Costa, 1977). Some indirect evidence for 
this suggestion is provided by the observation that 
vinca alkaloid therapy increases tum or GSSG 
content (Beck, 1980). Further studies are being 
conducted to determine whether this disturbance in 
glutathione metabolism is characteristic o f tum or
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in general. Should this be confirmed, manipulation 
of the redox state of this tripeptide could provide an 
alternative approach to anticancer therapy.
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